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PREFACE 

The Stratcom program has been conducted around the concept of a multiparameter study of the 
stratosphere using various sensors and platforms as appropriate. The Stratcom VI11 effort concen- 
trated on photochemical problems and included many types of instruments on the ground, on 
balloons, on rockets, and on aircraft. This effort was conducted in the vicinity of Holloman Air 
Force Base, New Mexico, in late September 1977. 

The introductory sections of this publication provide information on Stratcom VI11 objectives, 
operations, and related engineering and meteorological data, with the main body of the report 
composed of papers specific to each experiment. This report supersedes two earlier publications: 
“Stratcom VI11 Scientific Objectives and Mission Organization” (Reed, 1977) and “Stratcom VI11 
Data Workshop, April 13-14, 1978” (Reed, 1978), including most of the information in these and 
much additional data. Appreciation is expressed to  the U.S. Army, White Sands Missile Range, 
New Mexico, for the photographs on pages 28, 29, 35, 36, 129, 159, 160 and 187. 
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HIGHLIGHTS OF THE STRATCOM MI1 RESULTS 

Edith 1. Reed 
NASA, Goddard Space Flight Center 

Greenbelt, Maryland 20 771 

INTRODUCTION 

The primary objective of the Stratcom program is the study of stratospheric photochemistry. The 
1977 effort took place in late September in the vicinity of Holloman Air Force Base, New Mexico. 
Emphasis was placed on the ozone-nitrogen oxides-ultraviolet flux interactions. Secondary objec- 
tives were the study of the balloon and payload environment, the comparison of independent mea- 
surements of ozone and nitrogen oxides, and the development of new sensor systems. 

The platforms included two large balloons, a U-2 aircraft, several scientific rocket payloads, and 
numerous meteorological rockets and balloons. The Stratcom VIII-A large balloon carried instru- 
ments from several laboratories with emphasis on in situ observations; released from its payload 
were three parachute-supported packages. The Stratcom VIII-B large balloon carried the payload 
assembled by D. Murcray and his colleagues from the University of Denver; this payload was primar- 
ily for the observations of the infrared solar absorption spectra during sunset. The U-2 aircraft from 
the Ames Research Center carried an infrared spectrometer, the SAS-I1 instrument for NO, NO2 
and 0 3 ,  and aerosol collectors. Rocket payloads were for ozone content, conductivity, and ion 
mobility. 

It should be noted that the Stratcom VI11 effort was a cooperative program with the Atmospheric 
Sciences Laboratory providing leadership and, jointly with NASA, integration and launch. Each ex- 
perimenter was responsible for obtaining funds for his institutional support, instrumentation, travel, 
and data analysis. Appreciation is expressed to each participant for making the details of his results 
available so that a better understanding of these phenomena may be obtained. 

OZONE MEASUREMENTS 

The Stratcom VI11 effort included 18 sensors for the observation of ozone as described in Table 1. 
Of the 18 instruments, four provided no useful data on ozone: two because the tape recorder in the 
dropsonde failed, one of the Rhodamine-B instruments on the A-balloon was erratic for unknown 
reasons, and various objects in the field of view excessively degraded the data from the balloon- 
borne Recoz photometer. The low sampling rate and the noise level of the back-up telemetry sys- 
tem on the B-balloon payload did not pennit interpretation of the infrared spectra in t e m s  of 
ozone. Data from the U-2 infrared spectrometer and from one of the ultraviolet instruments have 
not yet been analyzed in terms of ozone content. Data from the Dasibi instrument was limited by 
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Table 1 
Ozone Instruments 

Instrument 

Overburden measurements ~ 

Dobson spectrophotometer 

SenTran filter photometer 

Spectrometer 

Rocoz photometer 

Filter photometer 

Spectrometer 

Spectrometer 

Spectroirradiometer 

Filter photometer 

Rocoz photometer 

. - . . . - . 

In situ measurements 

ECC 

MAST 

SAS-I1 

Chemiluminescent 

Chemiluminescent 

Chemiluminescent 
(2 instruments) 

Dasibi 

Platform 
_ _  - 

Ground 

Ground 

u-2 
Super Loki 

Dropsonde 

B -b alloon 

A-balloon 

A-balloon 

A-balloon 

A-balloon 

small balloon 

small balloon 

u-2 
Arcas 

Dropsonde 

A-balloon 

A-balloon 

~ _ _ _  . .  

Principle 
.. 

uv 
uv 
IR 

uv 
uv 
IR 

uv 
uv 
uv 
uv 

Electrochem. 
cell 

Electrochem. 
cell 

C hemilum( NO) 

Rhodamine-B 

Rhod amine-B 

Rhodamine-B 

UV cell 

Status of Data 

Final 

Final 

Not Reduced 

Final 

No data 

Noisy telemetry 

Final 

Final 

Not reduced 

Final 

Final 

Final 

Final 

Final 

No data 

Final; one failed 

Preliminary 

.~ 
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intermittent pump operation. The investigators themselves question the ozone data from the Rho- 
damine-B instrument above 40 km. Not all of the remaining observations are independent, in that 
the MAST calibration factor was normalized so that total column ozone matched the Dobson obser- 
vations, and the Rhodamine-B profiies were normalized to match the MAST profile in the 20 to 
25 km region. 

Table 2 lists an analysis of the available data as taken from the sections by Randhawa, Simeth, Man- 
ion, Ainsworth, Sellers, et al., Mentall and Zak, Krueger et al., and Loewenstein, et al., representing 
data from 11 systems on 6 different platforms. 

Table 2 
Ozone Data from the Stratcom VI11 Effort 

. .- 

Ozone Density (molecules/mete2) 

Source 

-~ 

Dobson 

SenTran 

ECC 

MAST 

Dasibi 

Chemilum (A-balloon) 
Ascent 
Descent 

Chemilum (Arcas) 

UV spectrometer 

UV spectroirradiometer 

ROCOZ (Super-Loki) 

SAS-II 

Average 

US Standard (1976) 

Max/Min 

Total O3 
(atm-cm) 

0.279 

0.282 

0.280 

0.280 

0.345 

1.01 

20 km 

3.95 

2.3 (18) 

3.7 (18) 

2.8 (18) 

2.8 (18) 

3.14(18) 

3.0 (18) 

3.1 (18) 

4.77( 18) 

1.7 

3 

25 km 

- 

4.30 

4.0 (18) 

4.0 (18) 

4.0 (18) 

5.4 (18) 

5.19( 18) 

4.5 (18) 

4.28( 18) 

1.4 

~ ._ 

30 km 
- - .  

2.74 

2.6 (18) 

2.6 (18) 

2.0 (18) 

2.9 (18) 

3.84( 18) 

2.8 (18) 

2.52( 18) 

1.9 

35 km 

~ 

1.40 

1.3 (18) 
0.92( 18) 

1.3 (18) 

1.3 (18) 

1.5 (18) 

1.91(18) 

1.4 (18) 

1.40( 18) 

2.1 
~ ._ 

40 km 

~ 

4.06( 17) 

5.0 (17) 
6.3 (17) 

6.7 (17) 

6.2 (17) 

8 (17) 

6.77( 17) 

6.1 (17) 

6.07( 17) 

2 .o 



PAYLOAD ENVIRONMENT 

Some properties of the atmosphere appear to be disturbed by the presence of the balloon and pay- 
load, making in situ measurements representative of the atmosphere possible only during relatively 
rapid ascent and descent rates, such as were achieved in the small meteorological balloons and para- 
chute dropsondes, and as was planned for the Stratcom VIII-A payload. This is strikingly evident in 
the data for water vapor (Goodman) which show values of 0.3 to 6 ppmw in the 20 to 40 km region 
when observed from a rapidly descending dropsonde. But a sensor on the apex of the Stratcom VIII- 
A balloon during its relatively slow ascent provided values of about an order of magnitude higher. 
The sensors near the Stratcom VIII-A principal payload indicated that the water vapor content in 
the immediate vicinity of the payload was generally several orders of magnitude greater than ambient, 
but decreasing as a function of time. 

The air temperature sensors on the Stratcom VIII-A principal payload (Ballard, Ainsworth) all indi- 
cated temperatures similar to those measured by meteorological sondes up to about 20 km. During 
the day, the air temperature at 40 km near the payload was 10 to  20 K warmer than meteorological 
sonde temperatures; during the slow descent near sunset the temperatures became nearly equal; in 
the early morning hours, near 30 km, temperatures near the payload became less than those indica- 
ted by meteorological sondes. This behavior of the air around the balloon and payload is consistent 
with that observed during earlier Stratcom efforts and can be associated with surface temperatures 
of the balloon. 

ADDITIONAL RESULTS 

1. The nitric acid column density between 30" and 40"N latitude is consistent with observa- 
tions at higher and lower latitudes (Murcray and Barker). 

2. Young aerosols, as indicated by a bimodal distribution of aerosol sizes, are not restricted 
to tropical latitudes as previously thought (Farlow, et al.). 

3. Water vapor in the stratosphere is layered and in the range of 0.3 to 6 ppm (Goodman). 

4. A 20 percent perturbation in the ozone content at about 37 km during sunset was obser- 
ved by one sensor (Randhawa). 

5. The orography of mountainous terrain affects air flow to  altitudes of at least 40km 
(Freeman). 

6. The enhancement of ion mobilities by Krypton lamp illumination could not be attributed 
solely to NO; alternative explanations are being explored (Hale and Croskey). 

7. The observations of CO2 emissions and air temperature are being used for the development 
of improved algorithms for the conversion of CO2 emission to air temperatures at strato- 
spheric altitudes (Murcray et al.). 
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8. The Stratcom-VI11 experience was a key factor in the development of several observing 
systems which have since been used successfully: 

0 A dropsonde for the chemiluminescent measurement of NO (Shaw). 
0 A filter photometer for the ground-based measurement of total ozone (Simeth). 
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THE STRATCOM PROGRAM 

Frank P. Hudson 
Environmental Research 
Department of Energy 

Washington, D. C. 20545 

Harold N. Ballard 
Atmospheric Sciences Laboratory 
U. S. Army Electronics Co mmand 

White Sands Missile Range 
New Mexico 88002 

A B S T R A n  

The Stratcom series of balloon flights, initiated in 1968 with a 30-kg payload 
for the measurement of stratospheric temperature, pressure, ozone, and winds, 
has evolved into a multiplatform effort for measurement of more than 20 param- 
eters of interest to stratospheric studies. This overview of the 10-year program, 
outlines the goals, organization, modus operandi, and accomplishments of the 
series. 

INTRODUCTION 

Stratcom (Stratospheric Composition) is a long-term, multi-purpose program for integrated, corre- 
lated measurements of stratospheric parameters related to composition, thermodynamics, and radi- 
ative balance. It is a joint undertaking of several laboratories whose combined scientific, engineering, 
and field capabilities make possible an extensive program of multiple related measurements in the 
very complex and variable stratosphere. It emphasizes correlated in situ measurement of critical 
parameters, because measurements of related parameters under the same conditions facilitate sound 
interpretations leading to a better understanding of atmospheric processes and their roles. 

Balloon platforms are used because they are well-suited for carrying complex payloads into the alti- 
tude region of interest and remaining there for a period of time. The series of flights were planned 
to cover the 10 to 50 km (33,000 to 164,000 ft) altitude range, from 10" to 6S0N latitude, at all 
seasons of the year. Changes in measurements as a function of altitude and at sunrise/sunset are of 
particular interest. Longer term flights are launched during the stratospheric wind turnaround per- 
iods in spring and fall. 

6 
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Other modes of measurement and platforms are included to permit better altitude and regional cov- 
erage. This includes remote sensors and ground, aircraft, rocket, parachute, and satellite platforms. 

The principal reason for combining the talents and resources of the several laboratories is to make 
the required complex operation possible, but some secondary benefits are of considerable import- 
ance: ( 1 )  the value of each experiment is enhanced because of the availability of measurements, at 
the same time and place, of related parameters; (2) the unification of operational and engineering 
needs to serve a number of experiments at one time permits a large saving in both time and money; 
(3) the recoverable, reusable system provides a common background for later similar experiments 
under other selected conditions of altitude, latitude, and season for comparative purposes; and (4) a 
body of data, acquired under common conditions, is available for direct use in developing and vali- 
dating models in contrast to the usual use of statistical means of disparate data, thus providing in- 
sight into the balance between photochemical equilibrium and dynamic processes. 

PURPOSES 

In addition to the goals requiring data from many sensors, there are goals unique to each participat- 
ing laboratory. These range from pure science to development of the operational methods. There is 
much overlapping of goals and many degrees of mutual support. Included are: 

1. Measurements of species densities, solar ultraviolet flux, and thermodynamic properties 
for basic understanding of atmospheric processes. 

2. Development and validation of photodissociation and chemical kinetic models of the 
stratosphere. 

3. Determination of natural variations of parameters, and relationship to altitude, latitude, 
time-of-day, season-of-year, and other time cycles. 

4. Development of understanding of meteorology of the stratosphere. 

5 .  Study of parameters important to stratospheric pollution from aircraft, fluorocarbon 
chemicals, and other sources. 

6 .  Development and calibration of instruments for rocket and parachute payloads can be ex- 
tended to potential satellite instrumentation. 

7. Study of the perturbed atmosphere for defense studies. 

8. Development of instrumentation, platforms, and field operational methods for defense 
oriented studies. 

9 Development of methods for meso-scale pollution studies in the troposphere. 
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HISTORY 

The sequence of Stratcom experiments was initiated in 1968 by the Army’s Atmospheric Sciences 
Laboratory (ASL), White Sands Missile Range (WSMR), under the direction of Harold N. Ballard. 
The eight flights in the Stratcom Program were as follows: 

Flight Date Location Purpose 

I 
I1 
I11 
IV 
V 
VI 
VI1 
VI11 

September 11, 1968 
September 22, 1969 
September 18, 1972 
October 19, 1973 
May 22,1974 
September 24, 1975 
September 27, 1976 
September 28, 1977 

HAFB, New Mexico 
HAFB, New Mexico 
HAFB, New Mexico 
Palestine, Texas 
HAFB, New Mexico 
HAFB, New Mexico 
HAFB, New Mexico 
HAFB, New Mexico 

T,  P, 0 3 ,  winds 
T ,  P, 0 3 ,  winds 
many parameters 
H20  and NO 
H20  and NO 
many parameters 
many parameters 
many parameters 

The first flight in September 1968 carried a payload of 30 kg (66 lb) of instrumentation at an alti- 
tude of 50 km, the top of the stratosphere. The principal goals were the study of atmospheric mo- 
tions, diurnal temperature variations, thermodynamics, and ozone density. A similar flight, with 
upgraded instrumentation, was made in September 1969 (References 1 , 2 ,  3, and 4). The Aerospace 
Instrumentation Laboratory, Balloon Branch, of the Air Force Cambridge Research Laboratory 
provided balloon design, launch operations, and flight control. The WSMR facilities provided neces- 
sary range support. 

In 1971, the AEC’s Sandia Laboratories, Albuquerque, New Mexico (SLA), was invited to parti- 
cipate. Experimentally this added mass spectrometry and ultraviolet spectroscopy; and, of fun- 
damental importance, this made available the extensive instrumentation development and field 
experimentation experience and facilities of Sandia. At this point, the correlated multi-instrument 
approach, backed by theory and modeling, was initiated. The September 1972 flight, Stratcom 111, 
carried 17 instruments with a payload weight of 118 kg (260 lb) to 48.7 km altitude for 9 hrs of 
measurement with all instruments functioning successfully (References 5, 6, and 7). 

Stratcom IV and V, October 1973 and May 1974, were special-purpose flights dedicated to the use 
of Bell Telephone Laboratory’s tunable spin-flip Raman laser for the measurement of stratospheric 
H,O and NO (References 8 and 9). Stratcom IV was launched at Palestine, Texas with the support 
of the National Scientific Balloon Facility. 

The Stratcom VI operation, September 24 to 26, 1975, returned to the multi-parameter approach. 
For the first time, other platforms were included in the effort: a second large balloon, the U-2 air- 
craft, and research payloads on rockets. Several laboratories added instruments; the relationship 
with other measurement programs was enlarged. An ideal flight profile was realized on the major 
balloon; about 85 percent instrumentation success was obtained ; and an excellent, highly adaptable 
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system usable for future flights at other altitude ranges, latitudes, and seasons of the year was deve- 
loped and proved. 

The Stratcom VI-A Balloon was launched from Holloman AFB, New Mexico (32"N., latitude), at 
2357 on September 23, 1975. Peak altitude of 38.7 km was attained at  about 0300 on September 
24. The instruments were turned on intermittently during ascent, and continuously for a period of 
1 hr before to 1 hr after sunrise. Periodic measurements were made at float altitude and during a 
slow descent initiated at about 1100. A 2-hr measurement period through sunset at about 25 km 
altitude was followed by an ascent t o  36.6 km for a 2-hr sunrise measurement period on September 
25. The scientific payload was brought down by parachute from 1000 to  1035 with all instruments 
turned on. Recovery of the intact payload in excellent condition was near Springeville, Arizona. 
Balloon VI-B was launched a t  1500 on September 26 to provide infrared absorption measurements 
through sunset. The U-2 aircraft flight pattern was at 18.3 and 21.3 km, under Balloon VI-A, on 
September 24 (References 10, 11, 12, and 13). 

The Stratcom VI1 operation, September 28 to 29, 1976, was again a broadly based series of measure- 
ments including the flight of two large balloons and several closely related rocketsondes. This series 
of measurements was especially interesting because the ascent and descent portions of the Balloon 
VII-A flight occurred under contrasting conditions of vertical wind, providing data on two quite 
different stratospheric regimes. Balloon VII-A, carrying 26 instruments, was launched at 0730 MST 
on September 28 from Holloman Air Force Base. 

The peak altitude of 39 km was reached before noon for a series of measurements at that altitude. 
The principal measurements were made during a slow descent to 18 km, with measurements at that 
altitude during sunset. The payload rose to  23 km during the night for a series of measurements at 
sunrise on September 29 and during the 40-minute parachute descent after cutdown at  1030. The 
payload was successfully recovered about 20 km north of the launch site. All instruments operated 
as planned. Balloon VII-B carrying the infrared spectrometer and a Fourier-transform interferom- 
eter spectrometer, was launched on September 30 for measurements through sunset. Rocketsonde 
measurements of ozone, temperature, pressure, and electrical conductivity were made on September 
28 in the altitude range of 60  to 10 km. 

I 

The Stratcom VI11 operation followed a somewhat similar pattern, but with additional ozone sensing 
systems (ground, aircraft, rocket and balloon; remote and in situ) so as to  provide a broad compari- 
son of techniques. The effort and the preliminary results are the subject of the remaining sections of 
this document. A list of papers, reports, and presentations related to the entire Stratcom program is 
given in the Bibliography section. 

CONCLUSION 

The Stratcom program has been conducted around the concept of a multiparameter study of the 
stratosphere using various sensors and platforms as appropriate. In addition to the scientific results 
from these flights, these efforts have been invaluable for the training of new experimenters and for 
the development of new measurement systems. 
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ABSTRACT 

The Stratcom VI11 objectives were to measure a number of parameters of interest 
to photochemical studies, to study the payload environment, to compare various 
sensor systems for ozone and for nitric oxide, and to provide a platform for de- 
velopment of new sensor systems. In all, more than 40 instruments were included 
for the observations of about 30 parameters and involved the cooperation of at 
least 20 organizations. General descriptions of the major payloads (two large 
balloons) are given, showing sensor location and providing engineering data. The 
description of launch operations gives times, locations, and peak altitudes for the 
many small balloon and rocket launches and the detailed flight paths for the large 
balloons and the U-2 aircraft. 

INTRODUCTION 

The Stratcom program was conceived as a multifaceted program for the study of phenomena in the 
stratosphere. Some of the objectives require correlation of data from diverse sensor systems; other 
objectives are related to theoretical descriptions of the stratosphere; yet others are strictly engin- 
eering. 

The organizers of the Stratcom VI11 effort, Harold Ballard and Frank Hudson, in consultation with 
the Upper Atmospheric Research Office at NASA Headquarters, have tried to ensure that certain 
parameters critical to the understanding of stratospheric structure and photochemistry are well de- 
fined ; that sensor systems are complementary, being neither unduly duplicative nor grossly unrelated ; 
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and that there is some room for the unanticipated, for serendipity. These sensor systems were de- 
ployed on a variety of platforms: two large balloons, three parachute drops, several small balloon 
and rocket payloads, and two U-2 flights. In addition, there are numerous meteorological sondes 
and various ground-based observations. 

The following discussion of the Stratcom VI11 effort outlines the objectives of the effort, the instru- 
ments and observations as related to these objectives, and information pertaining to  field operations 
including vehicle parameters and flight paths. 

OBJECTIVES 

Photochemistry 

The art of modeling photochemical phenomena in the stratosphere has made rapid progress in the 
past few years, largely due to  concern about the effects of pollutants in the stratosphere. However, 
the content of the important trace constituents is highly variable, with atmospheric transport affect- 
ing those species that require a long time to  reach photochemical equilibrium, and with the diurnal 
changes in solar radiation affecting those that have a short time constant. The prime objective of the 
Stratcom VI11 effort was to  measure a substantial number of important trace species during a single 
day, obtaining altitude profiles wherever feasible together with spectral measurements of the ultra- 
violet flux. The planned use of the platforms is shown in Figure 1. 

The planned strategy was as follows: 

On the morning of the first day, during the ascent of Balloon VIII-A, obtain data on 
ozone, both in-situ and overburden, and on the UV flux, both the direct solar compo- 
nent and the diffuse sky flux. Continue these measurements throughout the daylight 
portions of the 33-hour flight of the VIII-A Balloon and continue the in-situ ozone 
measurements at night. 

Just before Balloon VIII-A reaches its maximum altitude of about 40 km in the late morn- 
ing, drop two separate parachute supported payloads: First, a chemiluminescent NO and 
O3 sonde with a UV filter photometer for ozone overburden and another filter photom- 
eter for Earth albedo; second, a Krypton lamb-Gerdien condenser, also sensitive to the 
NO content of the atmosphere. An hour or so later, near noon, drop a third parachute- 
supported package which includes an A1203 water vapor sensor. 

After Balloon VIII-A reaches float altitude, launch two scientific rocket payloads for 
ozone altitude profiles: the ASL in-situ chemiluminescent ozone sonde and the Rocoz 
filter photometer for ozone overburden. At various times fly the Mast and ECC balloon 
ozone sondes. 

Observe parameters related to  ion and electron content by means of two more scientific 
rocket payloads. One is a Gerdien condenser and the second a blunt probe. Simultaneously, 
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Figure 1. Planned Stratcom Vll l  effort involving two large balloons (A and B), U-2 flights, and, as indicated b y  the 
short arrows, several small balloon and rocket flights. 

use similar instruments on the Balloon VIII-A and, from the ground, the partial reflection 
and the C-3 ionosondes. 

Observe structural parameters (pressure, air temperature, and winds) from Balloon VIII-A 
by temperature and pressure sensors, from Balloon VIII-B by pressure and two types of 
temperature sensors, and by means of meteorological rockets and balloons. 

Observe the radiative balance in the visible and IR regions with broad spectrum pyranom- 
eters at the top of the balloon, below the gondola, and on the ground. 

In the early afternoon, open helium valves at the top of Balloon VIII-A to permit it to 
descend slowly to about 25 km. During the descent, collect seven air samples by means of 
a cryogenic sampler for later analysis of fluorocarbons (CFM's) N20, CO, C02, CHq, H2, 
and H20.  Simultaneously, use an on-board gas chromatograph to provide data on halo- 
gen compounds: CCl,, CH3C1, chloroforms, and CFM's. If the gas chromatograph is not 
ready for this flight, fly a second cryogenic sampler, increasing the total number of air 
samples to 14. 
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(8) Meanwhile, also in the afternoon of the first day of Balloon VIII-A, launch Balloon VIII- 
B, so that the altitude profile of various constituents may be observed remotely during 
sunset. The spectral range to  be observed is chosen to provide data for NO, NO2, N 2 0 ,  
H N 0 3 , 0 3  and possibly on N205 and ClONO2. 

(9) If the flights occur before October 1 ,  as Balloon VIII-A nears 40 km fly one and possibly 
two U-2 aircraft containing stratospheric sensors at altitudes near 20 km in the vicinity of 
White Sands Missile Range (WSMR) for a period of about 1 hour. The IR spectrometer 
on the U-2 covers a spectral range chosen to obtain data on HNO3, CH,, CFM’s, and 
N20. Additional sensors will be used to observe water vapor and to  collect aerosols for 
later examination. A chemiluminescent sensor (SAS-11) for NO, NO,, and 03, and a cry- 
ogenic sampler to collect air samples for later analysis for N 2 0 ,  CFM’s, CCL4, and possibly 
CHC13 and CH3CC13 may also be flown. 

(10) After sunset, permit Balloon VIII-A to rise to  well above 30 km by the release of ballast. 
Continue to  observe ozone with the two in-situ systems. Just prior to  sunrise of the sec- 
ond day, again turn on the solar UV instruments to provide data on the UV flux and the 
ozone overburden. Descend in mid-morning, with the gas chromatograph again providing 
data on a number of halogen compounds. 

The set of data resulting from this strategy should be highly valuable for checking the ability of a 
photochemical model to produce altitude profiles of the various trace species consistent with the 
observed UV fluxes and trace species, over the diurnal cycle. A model expressly for this purpose, 
that is, for the computation of the distributions of trace species for specific places and times, has 
been constructed by F. Hudson for use with these data. 

Much, but not all, of this plan was carried out from September 28 to 30 from the Holloman Air 
Force Base and the White Sands Missile Range. Both large balloons were launched, Balloon VIII-B 
on the afternoon of September 28, and Balloon VIII-A the next morning. On Balloon VIII-A, a 
second cryogenic sampler replaced the gas chromatograph. This balloon did not descend as planned 
(neither the helium valves nor ballast release were operable) so that the samplers obtained data on 
the extent of contamination near the gondola rather than on the stratospheric trace species. Most 
of the ozone sensors provided data. Telemetry terminated after 24 hours, precluding daylight ob- 
servations during the second day of flight. The cryogenic sampler and the H20  sensors did not fly 
on the U-2, but water vapor data are available from the third parachute drop. Data were obtained 
from the rocket flights of the two types of ozone sensors and from the blunt probe, but not from 
the Gerdien condenser. Both the Mast and the ECC balloon ozone sondes provided data. One U-2 
made two flights, about 12 hours apart, obtaining aerosol samples, ozone content, and, on the sec- 
ond flight, infrared spectra. 

Those aspects of photochemistry relating to ultraviolet emissions, 03, HO, (H20, CHq), and NO, 
(HNO,, N20, and possibly N 0 2 )  may make use of the Stratcom VI11 observations on these species. 
Disappointingly, none of the four sensors planned for NO observations provided useful data, nor will 
there be data on the chlorine compounds. Of particular interest was the unexpected bimodal distri- 
bution of aerosol sizes hitherto found only in tropical regions (a “dry” stratosphere with water vapor 
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on the order of 1 ppmv from 25 to  38 km), and the further evidence that solar radiation at wave- 
lengths corresponding to the 220 nm atmospheric window varies with solar activity. 

Balloon Environment 

Two aspects of the balloon environment are important to experimenters: (1) the orientation and 
thermal history and (2) composition and temperature perturbations to  the atmosphere in the imme- 
diate vicinity of the balloon. 

The payload of Balloon VIII-A was designed to minimize perturbations to the environment by the 
use of pressure-tight containers, nonporous surfaces, and the avoidance of the excessive use of 
foamed materials and adhesive tapes. During its planned 33-hour flight, the balloon and payload 
would experience diurnal changes in radiation and several planned changes in altitude. The strategy 
for environmental studies is as follows: 

Include temperature sensors in several of the experimental packages, on the frame of the 
gondola, and on the balloon film near its apex. The packages have varying surface finishes, 
insulation, and internal heat dissipation. 

Include a pyranometer at the top of the balloon to measure thermal energy coming from 
above, and also on the base of the gondola to  measure energy coming from below. 

Include a levelness indicator on the top of the balloon to  monitor its variations in tilt. 

Include a 3-axis anemometer in the main payload to sense air motions relative to the pay- 
load both during altitude changes and at float. 

Measure air temperatures at the top of the balloon and just below the main payload. 

Measure water vapor content at the top of the balloon near the payload and a short dis- 
tance below the payload. Compare these data with the water vapor profiles as measured 
by the sonde dropped from the payload. 

The data on package temperatures and energy input can be used in thermal studies. The data on air 
temperatures and water vapor content may be used in developing and confirming a model at Langley 
Research Center (R. Davis) describing the behavior of the boundary layer associated with the 
balloon. 

During the flight of Balloon VIII-A, these data were obtained from the main payload for 24 hours, 
from the package at the top of the balloon for 3 hours, and from the water vapor dropsonde. Be- 
cause the planned mid-flight descent rate was much less than planned, analysis of the cryogenically 
collected air samples provided information on the nature and density of the trace gases associated 
with the payload. 
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Comparison of Techniques 

The Stratcom VI11 effort was unique in the large number of platforms, (balloons, rockets, aircraft, 
and ground-level) planned for use in a short period of time, limited primarily by the availability of 
telemetry frequencies, ground stations, and tracking capabilities. This effort provided the oppor- 
tunity for the comparison of techniques, some well proven, some in the infancy of their develop- 
ment. Prime emphasis was given to  techniques for the measurement of ozone and included several 
that have been widely used. Several systems for NO were included, all with relatively short histories 
of experience. The results of two cryogenic air sampling systems, prepared and analyzed by differ- 
ent groups, and the results from a balloon-borne gas chromatograph for many of the same species 
were planned to  be complementary to each other. 

Ozone 

The VIII-A Balloon was the principal platform for ozone sensors and included three in-situ (two iden- 
tical chemiluminescent sondes and the Dasibi ozone monitor) and four remote (the CSU/GSFC filter 
photometer, the USU filter photometer, the Panametrics filter photometer, and the Sandia/GSFC spec- 
trometer) sensors. A second type of remote measurement of ozone can be obtained from the IR solar 
absorption spectrometer of the VIII-B Balloon; during ascent the ozone is deduced from the change in 
overburden, and during sunset, from the absorption as a function of elevation angle. The U-2 aircraft 
included the SAS-I1 chemiluminescent sensor and infrared observations of ozone overburden. Auxiliary 
launches provided additional vertical profiles and range. The parachute-dropped NO sonde included a 
USU filter photometer for ozone and an engineering model of the chemiluminescent ozone sonde. 
Standard meteorological-type rocket payloads, one with the chemiluminescent ozone monitor and one 
with the UV filter photometer, were flown. These rockets extended the altitude range well above the 
balloon maximum altitude of about 40km. The Mast and the ECC balloon-borne ozone sondes provided 
additional profiles of ozone in the troposphere and lower stratosphere. Finally, the total ozone was 
monitored from the ground with the Dobson spectrophotometer and an engineering model of a UV 
filter photometer. There was a faint possibility that the Nimbus-4 BUV ozone spectrometer would 
obtain data in the vicinity of the Stratcom VI11 flights. There have been previous “fly-offs” among 
sondes for meteorological balloons, among rocket sondes, and among satellite instruments, but none 
with the heavy emphasis on the balloon systems in the stratosphere. 

Of the 18 ozone sensors, almost all provided data as needed for the comparison of techniques. Only 
those on the first parachute drop (a chemiluminescent sonde and a UV filter photometer) did not 
result in data. However, similar instruments on the main gondola did provide data. The Mast bal- 
loon sondes provided a tropospheric ozone profile on September 29 and a profile up to 10 mb 
(millibar) in the stratosphere on September 30. Nimbus-IV, with the BUV instrument, did not hap- 
pen to  be near HAFB during the days of flight. 

Nitric Oxide 

The remote sensing of NO with an infrared spectrometer (Balloon VIII-B) has been done for several 
years; likewise, the U-2 aircraft-borne SAS-I1 chemiluminescent instrument has had considerable 
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flight experience. The parachute-dropped chemiluminescent sonde is a new system. The potential 
of the Krypton lamp-Gerdien condenser system for NO observations is not yet well understood. In 
the Stratcom VI11 flights, simultaneous observations by the various systems would permit compari- 
son of data from three different techniques and would be a major step in the engineering and proof 
of the parachute drop system. The comparison of NO techniques was not successful: there was 
more noise than expected in the infrared spectra from Balloon VIII-B; on one U-2 flight the cryo- 
gen system for the IR spectrometer malfunctioned; the SAS-I1 instrument had an electronics prob- 
lem in the NO system; the tape recorder on the chemiluminescent dropsonde failed; and the Krypton 
lamp-Gerdien condenser rocket failed to reach its expected altitude. 

Cryogenic Samplers and In-Situ Gas Chromatography 

These systems on Balloon VIII-A and the U-2 are comparable in the sense that, for both, gas chro- 
matography is used in the analysis of the contents of the collected samples; hence, both techniques 
provide values on the CFM’s, N 2 0 ,  CCl,, and some other species. Because one sampler and the gas 
chromatograph were planned for Balloon VIII-A, collecting in the 25- to  40-km range, and the 
other on the U-2, at least 5 km lower, the data would not be simultaneous in place; the U-2 data 
may be used to extend the balloon data to a lower altitude. The balloon-borne version of the gas 
chromatograph is new; this flight should have confirmed the considerable engineering accomplish- 
ment. However, the gas chromatograph was not ready and was replaced by a second cryogenic sam- 
pler. The U-2 cryogenic sampler was not flown because only one U-2 was available. 

Engineering and Exploratory 

There were some instruments in the Stratcom VI11 effort which were included for engineering and ex- 
ploratory purposes. Two infrared radiometers, at the 4.3- and 15-pm emission lines of CO2, were flown 
in order to  obtain data for use in developing better inversion techniques for air temperatures. Data from 
these radiometers will be compared with balloon and rocket-borne in-si tu temperature measurements. 
A Lyman-alpha sensor (121.6nm) was flown as part of the Top Package on Balloon VIII-A. If, perchance, 
it should observe substantial Lyman-alpha emission, the other data from the Stratcom VI11 flights would 
be needed to define the circumstances under which such emissions can penetrate to balloon altitudes. 
Both a blunt probe and a Gerdien condenser are included for conductivity measurements; there have 
been some little understood changes in conductivity near sunset/sunrise which need study. 

The engineering experience gained by the participation in this effort is proving valuable. Although 
the chemiluminescent dropsonde provided no data during this effort, its next flight was successful. 
The limits of the usefulness of a simple inversion algorithm for the 15-pm CO2 radiation to  air tem- 
perature have been demonstrated, and the more complete algorithm is now being developed and 
confirmed. 

INSTRUMENTATION AND INTEGRATION 

A concise summary of the parameters to be measured and the instruments for each is found in Figure 
2. Table 1 provides more information about each element of the Stratcom VI11 effort. It is to  be 
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Table l a  
Systems, Instruments, Investigators, and Organizations 

System/Instrument 

Balloon Design 

Balloon 

Flight Control 

Balloon Launch support 

Mechanical structure 

Payload integration 

Control and telemetry 

Power Supply 
Payload monitors 

Package temperature 
Levelness indicator 
Magnet om et ers 
Other monitors 

UV filter photometer 

UV spectrometer 

UV spectrometer (skylight) 

Filter photometers (2) 
UV filter photometer ozone 

sonde 

Chemiluminescent ozone 
sonde (2) 

Dasibi ozone monitor 

Cryogenic sampler 

20 

Person 

Arthur Korn, Code LCB 

James Gray 

Duke Gildenberg 

Joseph Koehly 

Hector Carrasco 
Gustavo Cordova 
Joseph Whitacre 

Miguel Izquierdo 
Svi Salpeter 
Preston Herring t on 

Miquel Izquierdo 
Preston Herrington 

Claude Tate 
Preston Herrington 

Bach Sellers 

Bernard Zak 
James Mental1 

Rex Megill 
K. D. Baker 
Larry Jensen 
Jagir Randhawa 

Rex Megill 

Arlin Krueger 
David Wright 
Peter Simeth 

Jagir Randhawa 

John Ainsworth 

Richard Lueb 
Leroy Heidt 

Organization 

AFGL 

NASAlWFC 

AFGL/HAFB 

AFGL/HAFB 

UTEP 

UTEP 

Sandia Lab. 

UTEP 
Sandia Lab. 

ASL 
Sandia Lab. 

Panametrics, Inc. 

Sandia Lab. 

usu 

AS L 

usu 
CSU/GSFC 
N AS A/GSFC 
SenTran Co. 

ASL 

NASA/GSFC 

NCAR 



Table l a  (Continued) 
- - 

Platform 

Experiments: 
(continued) 

- - ~ ~ _ _  
Instrument/System 

Gas chromatograph 

Water vapor sensors 

Air temperature sensors 

Air pressure sensors 

IR Pyranometer (nadir) 

Visible Pyranometer (nadir) 
Nikon camera (nadir) 

(-412 0 3  1 

Blunt Probe 
Kr Lamp 
Gerdien Condenser 

Anemometer 

Apex plate payload : 
Air Temperature sensor 
Balloon skin temperature 
Lyman-alpha intensity 
Levelness indicator 
Pyranometer, IR and 

Water vapor sensor 

Parachute drop No. 1 

visible 

( A 2  0 3 )  

Chemiluminescent NO 

Filter photometers, O3 

Chemiluminescent ozone 

sonde 

and albedo 

detector 
Parachute drop No. 2 

Krypton lamp-Gerdien 
Condenser 

Parachute drop No. 3 
A1203 water vapor sensor 

Person 

Robert Woods 
Leroy Heidt 
Richard Lueb 

Philip Goodman 

Harold Ballard 

Harold Ballard 

Robert Rubio 

Robert Rubio 

Robert Rubio 
Claude Tate 

Jack Mitchell 
Leslie Hale 

Carlos McDonald 

Carlos McDonald 

Robert Rubio 

Philip Goodman 

Rex Megill 
Alan Shaw 

Rex Megill 

Jagir Randhawa 

Leslie Hale 
Charles Croskey 

Philip Goodman 
.__ . 

Organization 

Sandia Lab. 
NCAR 

Paname trics, In c. 

ASL 

ASL 

ASL 

ASL 

ASL 

UTEP 
Penn State Univ. 

UTEP 

UTEP 

ASL 

Panametrics, Inc. 

usu 

usu 

ASL 

Penn State Univ. 

Panametrics, Inc. 
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Table l a  (Continued) 

Platform 

Stratcom VIII-B 
Balloon 

U-2 Aircraft : 

Super Loki 
rocket: 

Arcas rocket : 

Arcas rocket: 

Super Loki 
rocket: 

Data sonde 
rocket : 

Radiosonde 
balloon: 

Small balloon : 

Small balloon : 

Ground : 

Lnstrument/System 
~~ ~ 

IR spectrometer 

IR radiometers (air temp) 

Air temperature sensors 

Structure, telemetry, 
integration, power 

Senior contact 

IR spectrometer 

Aerosol impact collector 

SAS-11 (NO, N02,O3) 

UV filter photometer 
ozone sonde 

Chemiluminescent ozone 
sonde 

Gerdien condenser 

Blunt probe 

Meteorological data 

Meteorological data 

Mast ozone sonde 

ECC ozone sonde 

Dobson ozone 
spectrophotometer 

Filter W photometer 

Person 

David Murcray 
John Williams 

David Murcray 
Don Snider 
Robert McClatchey 

Harold Ballard 

David Murcray 

Leo Poppoff 

David Murcray 

Neil Farlow 
Guy Ferry 
Ken Snetsinger 

Max Loewenstein 
Walter Starr 

Arlin Krueger 
David Wright 
Charles Manion 

Jagir Randhawa 

Jack Mitchell 

Jack Mitchell 

Stan Kubinski 

Stan Kubinski 

Jagir Randhawa 

Charles Manion 

Jagir Randhawa 

Peter Simeth 

_ _  -~ 

Organization 

U. Denver 

U. Denver 
ASL 
AFGL 

ASL 

U. Denver 

NAS A/ARC 

U. Denver 

NASA/ARC 

NASA/ARC 

CSU/GSFC 
NASA/GSFC 
NASA/WFC 

ASL 

UTEP 

UTEP 

ASL 

ASL 

ASL 

NAS A/WFC 

ASL 

SenTran Co. 
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Table l a  (Continued) 

Platform 

AFGL 

Instrument/System 

Pyranome ter-visible 
Partial reflection ionosonde 

C-3 Ionosonde 

Meteorology, forecasting 

Meteorology, post flight 
analysis 

Tracking 

Data acquisition and 
reduction 

Missile Range support 

Photochemical modeling 

Model, balloon environment 
Scientific publications 

Overall management 
... 

AFGL/HAFB 

ASL 

csu 

Person 

Robert Rubio 

Robert Olsen 

Duke Gildenberg 

John Freeman 

Alton Duff 
Tillman Powell 

Miguel Izquierdo 
Edward Avila 
George Holmack 

Robert Jones 
Leland Robertson 

Frank Hudson 
Jose Serna 
Richard Davis 
Edith Reed 
David B. Friedman 
Harold Ballard 
- -  __ __ 

Table Ib 
Organizational Acronyms 

___ -~ ~ 

Air Force Geophysics Laboratory 

Organization 

ASL 

ASL 

AFGL/HAFB 

UST 

ASL 

UTEP 
WSMR 

WSMR 
ASL 

DOE 
PSL 
NASA/LaRC 
NAS A/GSFC 

ASL 

Hanscom Air Force Base, Massachusetts 0 173 I 

Detachment 1, Balloon Branch 
Air Force Geophysics Laboratory (AFCS) 
Holloman Air Force Base, New Mexico 88330 

Atmospheric Sciences Laboratory 
U.S. Army Electronics Command 
White Sands Missile Range, New Mexico 88002 

Department of Atmospheric Sciences 
Colorado State University 
Fort Collins, Colorado 80523 

~- ~~~ __  

23 



Table l b  (Continued) 

DOE 

NASA/ ARC 

NASAlGSFC 

NASA/LaRC 

NASAlWFC 

NCAR 

Pan 

Penn 

PSL 

Sandia 

SenTran 

- 

Environmental Research 
Department of Energy 
Washington, D.C. 20545 

Space Sciences Division 
Ames Research Center 
Moffett Field, California 94035 

Goddard Space Flight Center 
Greenbelt, Maryland 20771 

Langley Research Center 
Hampton, Virginia 23665 

DO-PMOB-PM S (AS RP) 
Wallops Flight Center 
Wallops Island, Virginia 23337 

National Center for Atmospheric Research 
P.O. Box 3000 
Boulder, Colorado 80303 

Panametrics, Inc. 
221 Crescent Street 
Waltham, Massachusetts 02 154 

Ionosphere Research Laboratory 
Pennsylvania Stat e University 
University Park, Pennsylvania 16802 

Physical Sciences Laboratory 
New Mexico State University 
Las Cruces, New Mexico 88001 

Division 9226 
Sandia Laboratories 
Albuquerque, New Mexico 87 185 

SenTran Company 
2705 de la Vina Street 
Santa Barbara, California 93  105 
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Table l b  (Continued) 

UDenver 

UTEP 

UST 

usu 

WSMR 

- . - - - . . 

Department of Physics 
University of Denver 
Denver, Colorado 80208 

Electrical Engineering Department 
University of Texas at El Paso 
El Paso, Texas 79968 

Institute for Storm Research 
University of St. Thomas 
Houston, Texas 77006 

Center for Atmospheric and Space Sciences 
Utah State University 
Logan, Utah 84322 

White Sands Missile Range 
New Mexico 88002 

noted that this was a cooperative effort, in that many of the investigators were responsible for ob- 
taining their own funding for instrumentation and data analysis; the Atmospheric Sciences Labora- 
tory and NASA provided facilities and coordination. 

The Stratcom VIII-A Payload 

The most complex of the various payloads was that for the VIII-A Balloon. Mechanical and electri- 
cal integration as well as telemetry and command systems were under the cognizance of the Uni- 
versity of Texas at El Paso. 

Payload Layout 

The instruments were in several packages: a small package at the top of the balloon to  observe the 
balloon environment and incoming radiation, the main payload including a large number of sensors, 
and three sondes dropped from the main payload for vertical profiles of specific parameters. The 
gross physical characteristics of these are given Table 2. The top package and the three dropsondes 
are described in further detail in separate articles. (See “Measurements from the Apex of the Strat- 
com VIII-A Balloon”, “A Dropsonde for Nitric Oxide and Ozone”, “Electrical Structure and 
Ionizable Constituent Measurements”, and “Water Vapor Measurements with Aluminum Oxide 
Sensors”.) 
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Table 2 
Physical Characteristics of the Stratcom VIII-A Packages 

Package 

TOP 

Main 

Drop No. 1 

Drop No. 2 

Drop No. 3 

.. . ~ _ _  

Dimensions 
_.___ 

0.48 high X 0.43 m dia. 

2.84 m long X 2.69 m wide X 1.22 m high 

1.75 m long X 0.51 m wide X 0.58 m deep 

0.61 m long X 0.30 m dia. 

0.6 1 m long X 0.20 m dia. 

.. - . 

Weight 

14.5 kg 

491 kg 

60 kg 

3.6 kg 

4.5 kg 

The layout of the main payload is shown in Figure 3.  Side views are shown in the photographs in 
Figures 4 and 5 .  The telemetry can and the battery pack were on adjustable mounts so that the 
telemetry could be used to make balance corrections about the x-axis and the battery pack about 
the y-axis. The levelness indicator showed that the payload was 0.25' from horizontal at launch 
and stayed within 1" throughout the flight. 

The structure was designed so that the large dropsonde fitted into a recess located at the center of 
gravity of the overall structure. Sliding guides permitted this sonde to be deployed, leaving its para- 
chute canister within the structure. The two smaller sondes offset each other about the x-axis and 
had a minimal effect about the y-axis. During the prelaunch checks it was noticed that the large 
dropsonde might collide with the antennas and the temperature sensors during its deployment. 
Therefore, it was decided to lift up the antennas and sensors to a minimum distance below the plat- 
form. The RF checks and command checks made at  this time indicated no difficulty. 

The solar W sensors were mounted on the uppermost part of the frame. Thus, the USU Sky 
Photometer had a totally unobstructed field of view while the other three UV instruments were 
obstructed, at times, by the support cables and the several balloon reflection shields. The size and 
positioning of these instruments and their shields are shown in Figure 6. 

Electrical Systems 

A block diagram of the principal components of the power, control, and telemetry systems for the 
main payload is given in Figure 7. 

The telemetry system consisted of two P-band transmitters, one at 230.4 MHz (Figure 8) and the 
other at 239.4 MHz (Figure 9). Each was modulated by 14 FM IRIG VCO channels, thus forming 
an FM/FM system. Three of the channels used 30-bit fast-time multiplexing pulse amplitude mod- 
ulation (PAM) with three of the bits being used for sync and calibration, leaving 27 bits for informa- 
tion. Hence the telemetry system for the downlink data information had a combined capability of 
109 data channels. 
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Figure 3. Layout of the Main payload for Balloon VIII-A. 

The control system included a command receiver set at 416.6 MHz feeding a 60-command FSK 
(frequency shift keying) decoder whose output per command was an open collector. The fire mod- 
ule supplied 24 different low-impedance power commands with only three commands from the 
open collector decoder. 

The power system consisted of three separate 28-V battery banks which could be selected by com- 
mand, dc-to-dc converters that transformed the 28-V supply to +15, -15, +5, +6, and +24 V, and a 
bank of latching relays to  distribute power and to  perform other functions for individual instruments. 
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A portable monitor van was used during integration, preflight checks and flight operations to moni- 
tor the various telemetry channels and to send commands to the main payload. In the van were two 
P-bank receivers with yagi antennas, one bank of IRIG channel discriminators, and one PAM decom- 
mutator. The command system in the van included a 416.6-MHz transmitter with either 50- or 
100-W power capability and an end fire helix antenna. The transmitter was modulated by an FSK 
encoder with 60 commands. 

Further details on the electronic systems prepared by the University of Texas at El Paso may be 
found in their report on this flight (Reference 1). 

The Stratcom VIII-B Payload 

The payload prepared by D. G. Murcray and his colleagues at the University of Denver supported 
several types of infrared measurements. A view of this payload during launch preparations is shown 
in Figure 10. The gondola was constructed of brazed conduit and configured to keep the center of 
gravity low. The floor of the gondola was reinforced with aluminum I-beams. The rectangular de- 
sign makes mounting the various components into the gondola much easier and helps keep the unit 
upright on impact. This type of construction has been used successfully on a number of past pro- 
grams. The gondola is suspended from the corners by aircraft cables. Crash pads of crushable paper 
honeycomb reduce the accelerations on the instruments during impact after the flight. 

The prime instrument is a 1-1/4 m Czerny-Turner IR grating spectrometer with an azimuth pointing 
control (at the top of its four-line suspension) and a mirror arrangement so as to  observe the setting 
Sun. The two horizon-pointing radiometers on the left portion of the payload were for observations 
of the 4.3 pm and the 15 pm CO2 thermal emission bands. Another view of this same payload, 
shortly before release, is shown in Figure 1 1. The small package extending to  the side of the payload 
is a standard meteorological sonde. 

OPE RAT IONS 

The Stratcom VI11 operation was conducted by Harold Ballard of the Atmospheric Sciences Labor- 
atory, assisted by the staff and facilities of Holloman Air Force Base and the White Sands Missile 
Range. The large balloon launches were conducted by the Balloon Branch of the Air Force Geo- 
physics Laboratory. The following section provides data concerning the balloon train, flight paths, 
and summaries of the related small balloon and rocket operations. 

The Stratcom VIII-B Balloon 

The Stratcom VIII-B Balloon, prepared by D. G. Murcray and his colleagues at the University of 
Denver, was the first of the large balloons to  be flown, being launched from Holloman Air Force 
Base at 1251 MST, September 28, 1977. Range availability and weather considerations led to the 
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Figure 10. The Stratcom VIII-B payload during preparation at the launch site. 

35 



Figure 11. The Stratcom VI1 I-B payload prior to release. 



launching of the VIII-B Balloon on the afternoon prior to  the launch of the VIII-A Balloon, instead 
of afterwards, as originally planned. 

Engineering data for the VIII-B Balloon and its payload are given in Table 3.  The data system in- 
cluded on-board digital tape recorders, and, for the first time in the long history of this payload, a 
telemetry system. The latter proved to  be invaluable; for the parachute system failed and the pay- 
load, including the digital tapes, burned upon impact. 

Table 3 
Engineering Data for Balloon VIII-B and Its Payload 

Balloon: 

Material : Stratofilm, 0.5 m 

Manufacturer: Wizen 

Diameter: 97.3 m (319 ft) 
Volume : 3.29 105 1n3 ( I  

Length : 

Weight : 
130.5 m (428 ft) 
568 kg (1252 lb) 

90.7 kg (200 lb) Ballast : 
. _  

; 0.9 mil cap 

.6 x IO6 ft3) 

Payload : 590 kg (1 300 lb) 

Parachute: 
Quantity: 2 

Type : flat, circular 

Diameter: 19.5 m (64 ft) 
Length: 27.4 m (90 ft) 
Weight: 38 kg (83.5 lb) 

The VIII-B balloon followed a vertical trajectory as shown in Figure 12 and a horizontal path as 
shown in Figure 13. The balloon remained near its float altitude of 39 km from about 1521 MST 
through sunset (1822 MST) until termination at 1914 MST. The U-2 aircraft, Flight No. 77-157, 
flew from Moffett Field, California, to the vicinity of the VIII-B Balloon. The aircraft altitude as a 
function of time is shown in Figure 12, and its horizontal flight path in Figures 13 and 14. 

The Stratcom VI1 I-A Balloon 

The Stratcom VIII-A Balloon included experiments from a number of organizations, as indicated in 
the previous sections. Engineering data for this balloon and its payload are given in Table 4. 

The Stratcom VIII-A Balloon was launched at 0607 MST, September 19, 1977, about 1 1  hours after 
the termination of the VIII-B Balloon. Figure 15 shows the vertical flight path of the VIII-A Bal- 
loon, release times for the three dropsondes, and launch times for the smail balloons and rockets 
associated with this effort. Since the control system for the helium valves at the top of Balloon 
VIII-A and for ballast release became inoperable, it was not possible to descend as had been planned 
(see Figure 1). The variations in the altitude of the balloon that did occur are due to  the changes 
of temperature (and density) of the helium in the balloon. 
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Table 1 b (Continued) 
- - -. . - 

UDenver 

UTEP 

UST 

usu 

WSMR 

- 

Department of Physics 
University of Denver 
Denver, Colorado 80208 

Electrical Engineering Department 
University of Texas at El Paso 
El Paso, Texas 79968 

Institute for Storm Research 
University of St. Thomas 
Houston, Texas 77006 

Center for Atmospheric and Space Sciences 
Utah State University 
Logan, Utah 84322 

White Sands Missile Range 
New Mexico 88002 

noted that this was a cooperative effort, in that many of the investigators were responsible for ob- 
taining their own funding for instrumentation and data analysis ; the Atmospheric Sciences Labora- 
tory and NASA provided facilities and coordination. 

The Stratcom VIII-A Payload 

The most complex of the various payloads was that for the VIII-A Balloon. Mechanical and electri- 
cal integration as well as telemetry and command systems were under the cognizance of the Uni- 
versity of Texas at El Paso. 

Payload Layout 

The instruments were in several packages: a small package at the top of the balloon to observe the 
balloon environment and incoming radiation, the main payload including a large number of sensors, 
and three sondes dropped from the main payload for vertical profiles of specific parameters. The 
gross physical characteristics of these are given Table 2. The top package and the three dropsondes 
are described in further detail in separate articles. (See “Measurements from the Apex of the Strat- 
com VIII-A Balloon”, “A Dropsonde for Nitric Oxide and Ozone”, “Electrical Structure and 
Ionizable Constituent Measurements”, and “Water Vapor Measurements with Aluminum Oxide 
Sensors”.) 
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Table 2 
Physical Characteristics of the Stratcom VIII-A Packages 

Package 

TOP 

Main 

Drop No. 1 

Drop No. 2 

Drop No. 3 

- - - 

Dimensions 
_ _  . 

0.48 high X 0.43 m dia. 

2.84 m long X 2.69 m wide X 1.22 m high 

1.75 m long X 0.51 m wide X 0.58 m deep 

0.6 1 m long X 0.30 m dia. 

0.61 m long X 0.20 m dia. 
- -  -_ -- ___ 

Weight 

14.5 kg 

491 kg 

60 kg 

3.6 kg 

4.5 kg 

. ... . 

The layout of the main payload is shown in Figure 3. Side views are shown in the photographs in 
Figures 4 and 5 .  The telemetry can and the battery pack were on adjustable mounts so that the 
telemetry could be used to make balance corrections about the x-axis and the battery pack about 
the y-axis. The levelness indicator showed that the payload was 0.25" from horizontal at launch 
and stayed within 1" throughout the flight. 

The structure was designed so that the large dropsonde fitted into a recess located at the center of 
gravity of the overall structure. Sliding guides permitted this sonde to be deployed, leaving its para- 
chute canister within the structure. The two smaller sondes offset each other about the x-axis and 
had a minimal effect about the y-axis. During the prelaunch checks it was noticed that the large 
dropsonde might collide with the antennas and the temperature sensors during its deployment. 
Therefore, it was decided to lift up the antennas and sensors to a minimum distance below the plat- 
form. The RF checks and command checks made at this time indicated no difficulty. 

The solar UV sensors were mounted on the uppermost part of the frame. Thus, the USU Sky 
Photometer had a totally unobstructed field of view while the other three UV instruments were 
obstructed, at times, by the support cables and the several balloon reflection shields. The size and 
positioning of these instruments and their shields are shown in Figure 6. 

Electrical Systems 

A block diagram of the principal components of the power, control, and telemetry systems for the 
main payload is given in Figure 7. 

The telemetry system consisted of two P-band transmitters, one at 230.4 MHz (Figure 8) and the 
other at 239.4 MHz (Figure 9). Each was modulated by 14 FM IRIG VCO channels, thus forming 
an FM/FM system. Three of the channels used 30-bit fast-time multiplexing pulse amplitude mod- 
ulation (PAM) with three of the bits being used for sync and calibration, leaving 27 bits for informa- 
tion. Hence the telemetry system for the downlink data information had a combined capability of 
109 data channels. 
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Figure 3. Layout of the Main payload for Balloon VI I I-A. 

The control system included a command receiver set at 416.6 MHz feeding a 60-command FSK 
(frequency shift keying) decoder whose output per command was an open collector. The fire mod- 
ule supplied 24 different low-impedance power commands with only three commands from the 
open collector decoder. 

The power system consisted of three separate 28-V battery banks which could be selected by com- 
mand, dc-to-dc converters that transformed the 28-V supply to  +15, -15, +5, +6, and +24 V, and a 
bank of latching relays to  distribute power and to  perform other functions for individual instruments. 
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Figure 5. The -Y side of the main payload for Balloon VIII-A. 
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A portable monitor van was used during integration, preflight checks and flight operations to moni- 
tor the various telemetry channels and to send commands to the main payload. In the van were two 
P-bank receivers with yagi antennas, one bank of IRIG channel discriminators, and one PAM decom- 
mutator. The command system in the van included a 416.6-MHz transmitter with either 50- or 
100-W power capability and an end fire helix antenna. The transmitter was modulated by an FSK 
encoder with 60 commands. 

Further details on the electronic systems prepared by the University of Texas at El Paso may be 
found in their report on this flight (Reference 1). 

The Stratcom VI I 1-6 Payload 

The payload prepared by D. G. Murcray and his colleagues at the University of Denver supported 
several types of infrared measurements. A view of this payload during launch preparations is shown 
in Figure 10. The gondola was constructed of brazed conduit and configured to keep the center of 
gravity low. The floor of the gondola was reinforced with aluminum I-beams. The rectangular de- 
sign makes mounting the various components into the gondola much easier and helps keep the unit 
upright on impact. This type of construction has been used successfully on a number of past pro- 
grams. The gondola is suspended from the corners by aircraft cables. Crash gads of crushable paper 
honeycomb reduce the accelerations on the instruments during impact after the flight. 

The prime instrument is a 1-1/4 m Czerny-Turner IR grating spectrometer with an azimuth pointing 
control (at the top of its four-line suspension) and a mirror arrangement so as to observe the setting 
Sun. The two horizon-pointing radiometers on the left portion of the payload were for observations 
of the 4.3 pm and the 15 pm CO2 thermal emission bands. Another view of this same payload, 
shortly before release, is shown in Figure 1 1. The small package extending to the side of the payload 
is a standard meteorological sonde. 

OPE RAT IONS 

The Stratcom VI11 operation was conducted by Harold Ballard of the Atmospheric Sciences Labor- 
atory, assisted by the staff and facilities of Holloman Air Force Base and the White Sands Missile 
Range. The large balloon launches were conducted by the Balloon Branch of the Air Force Geo- 
physics Laboratory. The following section provides data concerning the balloon train, flight paths, 
and summaries of the related small balloon and rocket operations. 

The Stratcom VIII-B Balloon 

The Stratcom VIII-B Balloon, prepared by D. G. Murcray and his colleagues at the University of 
Denver, was the first of the large balloons to be flown, being launched from Holloman Air Force 
Base at 125 1 MST, September 28, 1977. Range availability and weather considerations led to the 
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Figure 10. The Stratcom VIII-B payload during preparation at the launch site. 
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Figure 11. The Stratcom VIII-B payload prior to release. 



launching of the VIII-B Balloon on the afternoon prior to  the launch of the VIII-A Balloon, instead 
of afterwards, as originally planned. 

-~ 

Balloon : 

Material : 
Manufacturer: Wizen 

Diameter: 97.3 m (319 ft) 
Volume : 

Stratofilm, 0.5 mil; 0.9 mil cap 

3.29 x lo5 m3 (11.6 x I O 6  ft3) 

Engineering data for the VIII-B Balloon and its payload are given in Table 3. The data system in- 
cluded on-board digital tape recorders, and, for the first time in the long history of this payload, a 
telemetry system. The latter proved to be invaluable; for the parachute system failed and the pay- 
load, including the digital tapes, burned upon impact. 

Payload: 590 kg (1300 lb) 

Parachute : 

Quantity: 2 

Type : flat, circular 

Table 3 
Engineering Data for Balloon VIII-B and Its Payload 

Length: 130.5 m (428 ft) 

Weight : 568 kg (1252 lb) 

Ballast: 90.7 kg (200 lb) 

Diameter: 19.5 m (64 ft) 

Length: 27.4 m (90 ft) 
Weight: 38 kg (83.5 lb) 

The VIII-B balloon followed a vertical trajectory as shown in Figure 12 and a horizontal path as 
shown in Figure 13. The balloon remained near its float altitude of 39 km from about 1521 MST 
through sunset (1822 MST) until termination at 1914 MST. The U-2 aircraft, Flight No. 77-157, 
flew from Moffett Field, California, to the vicinity of the VIII-B Balloon. The aircraft altitude as a 
function of time is shown in Figure 12, and its horizontal flight path in Figures 13 and 14. 

The Stratcom VI1 I-A Balloon 

The Stratcom VIII-A Balloon included experiments from a number of organizations, as indicated in 
the previous sections. Engineering data for this balloon and its payload are given in Table 4. 

The Stratcom VIII-A Balloon was launched at 0607 MST, September 19, 1977, about 11 hours after 
the termination of the VIII-B Balloon. Figure 15 shows the vertical flight path of the VIII-A Bal- 
loon, release times for the three dropsondes, and launch times for the small balloons and rockets 
associated with this effort. Since the control system for the helium valves at the top of Balloon 
VIII-A and for ballast release became inoperable, it was not possible to  descend as had been planned 
(see Figure 1). The variations in the altitude of the balloon that did occur are due to  the changes 
of temperature (and density) of the helium in the balloon. 
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STRATOSPHERIC TEMPERATURES FROM 
METEOROLOGICAL SONDES 

Edith I. Reed 
NASA, Goddard Space Flight Center 

Greenbelt, Maryland 20 771 

In support of the Stratcom VI11 effort, 25 balloon sondes and 12 rocket sondes were flown from 
September 21 to 30, 1977, to provide meteorological data. Some of the sondes were flown from the 
Holloman Air Force Base and others from the White Sands Missile Range about 55 km away. De- 
tails of time, location, and peak altitude are given in “The Stratcom VI11 Effort” (Reed) of this 
document. 

Air temperature data in the stratosphere for 19 of the sondes are plotted in Figure 1, showing air 
temperature at selected pressure levels as a function of time from September 26 to  30, 1977. De- 
tailed vertical temperature profiles representative of conditions during the Stratcom VIII-A Balloon 
flight are shown in Figure 2. Data up to 24 km from 6 rawinsonde stations in the Texas-Mexico- 
Arizona area for September 28 are given in “Carbon Dioxide Radiant Temperature Measurements” 
(Murcray et al.) of this document. 

Appreciation is expressed to S .  Kubinski of the Atmospheric Sciences Laboratory for coordinating 
the flight of these many sondes in support of the Stratcom-VI11 effort and for the forwarding of 
these data. 
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Figure 1. Air temperatures at selected pressure levels 
during the Stratcom Vll l  effort. 
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Figure 2. Vertical temperature profile on the morning 
of the Stratcom VII I -A Balloon flight. 
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AIR TEMPERATURE MEASUREMENTS WITH 
FILM-MOUNTED THERMISTORS 

Harold N. BalIard 
A tmosph eric Sciences Lab ora tory 

White Sands Missile Range 
New Mexico 88002 

ABSTRACT 

Air temperatures in the vicinity of the main payload of the Stratcom VIII-A 
Balloon launched September 29, 1977, from Holloman Air Force Base, New 
Mexico, were measured by pairs of film-mounted bead thermistors. Above 25 
km, daytime air temperatures were 10 to 15°C higher than those measured by 
meteorological sondes flown the same day. 

INTRODUCTION 

Air temperature sensors were included on the two large Stratcom VI11 balloon flights in order to: 

1 .  Measure the detailed temporal and spatial variation of air temperature at times of darkness, 
sunrise, and daylight; the daylight variations are to be related to the measured ultraviolet 
solar flux. Implicit in this objective is the determination of the diurnal tidal temperature 
variations at altitudes above 30 km. 

2. Serve as a tool for obtaining detailed information concerning the balloon and payload 
behavior . 

3.  Provide background data for temperature-dependent experiments. 

The temperature sensors are similar to  those used on past Stratcom balloon flights. The results of 
the previous flights as well as details of sensor construction and theory are discussed in References 1 
and 2. 

I NST R U M EN TAT ION 

Each air temperature sensor consists of a pair of film-mounted spherical bead thermistors. The two 
films are arranged perpendicular to  each other so that, as the payload rotates, each film-mounted 
bead is alternatively parallel to  or fully illuminated by the Sun’s rays. The maximum difference in 
the temperature of the sensors during a period of rotation gives an experimental determination of 
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the maximum solar irradiation correction. Magnetometers are used to confirm the inferred orienta- 
tion. During the times when the film is parallel to the Sun’s rays, shaded by other parts of the pay- 
load, or at night, no correction need be applied to the recorded temperatures. Thus accurate (+l0C) 
measurements of air temperatures can be made throughout the flight. 

R ESU L i s  

Sensors were placed in three locations: on the Top Package at the apex of the VIII-A Balloon; 
slightly below the VIII-A main payload, which was located about 200 m below the balloon; and 
slightly below the gondola of the VIII-B Balloon. Of the three, the sensor on the Top Package broke 
during launch operations and an electrical problem interferred with the temperature data on the 
VIII-B payload. The data reported here are from the VIII-A main payload. 

Data for the entire flight are shown in Figure 1 together with radar data as a function of time. It is 
to be noted that the film-mounted thermistors were entirely shaded from direct solar radiation by 
the gondola from about 0800 MST until about 1600 MST. Data during the ascent are plotted as a 
function of altitude in Figure 2 along with the air temperature according to the U.S. Standard At- 
mosphere, 1976. In Figure 3 are added other temperature measurements: the Dasibi inlet air tem- 
peratures which also was on the VIII-A main payload, and air temperatures from the ECC sonde 
launched on the same day. In Figure 2 of “Ozone Measurements by a Dasibi Ozone Monitor” (Ains- 
worth and Hagemeyer) the observed temperatures from the film-mounted thermistors and from the 
Dasibi inlet thermistor are plotted as a function of time. 

The temperatures in the vicinity of the main payload, while at float, are consistently 10 to 15’ high- 
er in the daytime than are air temperatures inferred from meteorological sondes. The fluctuations 
in the vicinity of the VIII-A payload appear to be real. As noted in the discussion by Rubio et al. 
(“Measurement of Radiation Energy Transfer”), there is no clear correlation of air temperature with 
the measured upwelling long-wave irradiance. 

The data reported from the earlier flights (Stratcom 11, 111, VI, and VII) were from similar sensors, 
similarly located, i.e. 200 to 300 m beneath the balloon. These data, associated with vertical velo- 
cities of greater than 0.5 m/s, represent true air temperatures. Similarly, the data during the ascent 
(4.4 m/s) of Stratcom VI11 represent true air temperatures. However, data during float and the sub- 
sequent slow descent (0900 to 1800 MST when vertical velocities were less than 0.5 m/s) are repre- 
sentative of the temperature of the thermal envelope surrounding the large balloon and its payload. 
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AIR PRESSURE MEASUREMENT 

Harold N. Ballard 
Atmospheric Sciences Laboratory 
U.S. Army Electronics Command 

White Sands Missile Range 
New Mexico 88002 

A sensor to measure atmospheric pressure was included on the Stratcom VIII-A balloon flown Sep- 
tember 29, 1977 from Holloman Air Force Base, New Mexico. The Rosemount Model 8305 sensor 
uses a capacitive diaphragm, has a range of 0 to  133 millibars, and a response time of 0.25 second. 
It is temperature compensated over the range of -55" to  +70"C, and has an accuracy of 2.5 percent. 
The resolution, as limited by the external systems, is 0.06 mb. For this flight, the sensor was turned 
on during ascent at an altitude of 20 km. The observed pressures as a function of time and altitude 
are shown in Figures 1 and 2. For reference purposes, the pressure values given by the U.S. Stand- 
ard Atmosphere 1976 are also included in Figure 2. Selected data values are given in Table 1 .  
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MST 
Time 

0715 
0730 
0745 
080 1 
0816 
0830 
0847 
0908 
0920 
0942 
1000 
1013 
1028 
1049 
1107 
1123 
1138 
121 1 
1244 
1250 
1318 
1337 
1353 
1413 
1433 
1452 
1508 
1536 
1551 
1617 
1632 
1649 
1708 
1724 
1739 
1801 
1814 
1830 
1845 
1903 
1916 

Table 1 
Atmospheric Pressure, Altitude, and Time 

Alt. 
km 

Press. 
mbar 

20.05 1 
23.385 
27.1 13 
3 1.282 
3 5.444 
39.305 
40.200 
40.194 
40.223 
40.35 
40.424 
40.399 
40.363 
40.250 
40.237 
40.392 
40.380 
40.136 
39.653 
39.600 
39.321 
39.259 
39.1 14 
38.862 
38.790 
38.629 
38.5 14 
38.284 
38.2 18 
38.1 59 
38.054 
38.057 
37.769 
37.670 
37.660 
37.528 
37.169 
36.263 
35.142 
34.381 
34.195 

57.13 
30.8 
20.1 
10.8 
6.33 
4.53 
3.93 
3.33 
3.33 
3.33 
3.33 
3.33 
3.5 
3.5 
3.67 
3.67 
3.63 
3.67 
3.6 
3.6 
3.6 
3.67 
3.73 
3.87 
4.00 
4.00 
4.00 
4.1 
4.29 
4.27 
4.33 
4.40 
4.40 
4.67 
5 .OO 
5.00 
5.47 
5.80 
6.73 
740 
7.67 

MST 
Time 

193 1 
1946 
1958 
2014 
2030 
2045 
2100 
21 15 
2130 
2144 
2200 
2215 
2230 
2245 
2300 
2317 
2330 
2345 
0000 
0015 
0030 
0045 
0100 
01 15 
0132 
0146 
0200 
0215 
0230 
0245 
0300 
0315 
0330 
0345 
0400 
0416 
0430 
0445 
0500 
0515 
0530 

Alt . 
km 

33.963 
33.795 
33.601 
33.398 
33.215 
32.97 1 
32.753 
32.328 
32.136 
3 1.955 
31.617 
3 1.322 
31.217 
30.948 
30.725 
30.533 
30.373 
30.224 
30.238 
30.2 16 
30.222 
30.306 
30.306 
30.1 76 
30.2 14 
30.070 
30.046 
29.946 
29.930 
29.856 
29.832 
29.79 1 
29.681 
29.658 
29.576 
29.560 
29.697 
29.649 
29.627 
29.558 
29.581 

Press. 
mbar 

8.0 
8 .O 
8.27 
8.53 
9.09 
9.47 
9.80 
9.87 

10.20 
10.40 
10.8 
11.27 
11.27 
11.57 
11.80 
12.0 
12.3 
12.7 
12.7 
12.7 
12.7 
12.7 
12.7 
12.77 
12.67 
12.67 
12.93 
12.93 
12.93 
13 .OO 
13.13 
13.13 
13.13 
13.13 
13.33 
13.13 
13.00 
13 .OO 
13 .OO 
13.33 
13 .OO 
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WATER V m R  MEASUREMENTS WITH ALUMINUM OXIDE SENSORS 

Philip Goodman* 
Panametrics, Inc. 

221 Crescent Street 
Waltham, Massachusetts 021 54 

ABSTRACT 

Four Aquamax aluminum oxide water vapor sensors were flown on the Stratcom 
VIII-A Balloon on September 29, 1977, from the Holloman Air Force Base, 
New Mexico. Two sensors were in the vicinity of the main payload, one was 
on the apex plate at the top of the balloon, and one was on a dropsonde re- 
leased from the main payload near an altitude of 40 km. The first two sensors 
were primarily for observation of the environment in the vicinity of the payload, 
and showed water vapor densities appreciably higher than ambient. The data 
from the sensor on the apex plate during ascent through the stratosphere and 
the data from the dropsonde indicated that the water vapor profile in the strato- 
sphere was layered and had an average of about 2 ppm,. 

I N TROD UCT ION 

Water vapor is an important constituent in the stratosphere since it participates in the photochemis- 
try of ozone, is involved in the energy balance in the stratosphere, and is useful as a tracer in the 
study of transport processes. Furthermore, a knowledge of the water vapor content in the immedi- 
ate vicinity of the balloon payload is often needed for a proper interpretation of data from other 
instruments. 

Water vapor measurements were made aboard the Stratcom VIII-A Balloon (launched from Hollo- 
man Air Force Base, New Mexico, at  0607 MST on September 29, 1977) by means of aluminum 
oxide sensors. This flight was the fourth in a series of such measurements. Measurements during the 
Stratcom V (Reference 1) and Stratcom VI-A (Reference 2) efforts used foil type A1203 water 
vapor sensors. For the Stratcom VII-A flight, a new integrated-circuit Aquamax sensor was used 
for the first time (Aquamax is a registered trademark of Panametrics, Inc.). This new sensor is de- 
scribed in greater detail in Reference 3 ,  which discusses the results obtained during the Stratcom 
VII-A flight. The same type sensor was used for the Stratcom VIII-A observations. 

*Current address: Office of Science and Technology, Department of Commerce, Washington, D.C. 20230. 
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The Stratcom VIII-A water vapor experiment was designed to measure both the ambient densities of 
water vapor, and also the water vapor content associated with the main instrument package during 
flight. To accomplish this, water vapor was measured at the apex of the Stratcom VIII-A Balloon 
and at two locations on the main gondola, thus permitting an estimate of the gradient. In addition, 
a fourth sensor was installed on a dropsonde to measure the ambient water vapor profile during 
descent from maximum altitude. 

INSTRUMENTS 

The sensors for the Stratcom VIII-A effort were identical to the Aquamax sensors that were used in 
the Stratcom VI1 effort. These sensors, their thin film construction by means of semiconductor fa- 
brication techniques, their performance characteristics, and their calibration (including temperature 
dependence) are described in detail in Reference 3.  The only significant difference between the sen- 
sors for the Stratcom VIII-A effort and those used earlier is a minor change in the sensor system so 
that the impedance is more nearly a linear function of frost point. This resdts in greater sensitivity, 
particularly in the low frost-point region. 

The sensors aboard the Stratcom VIII-A Balloon were positioned the same as those on the Stratcom 
VII-A Balloon. One sensor was part of the top package on the balloon apex plate. Two sensors were 
part of the instrument package and were deliberately placed at different distances from the frame. 
One of these sensors was suspended about 90 cm below one of the two chemiluminescent ozone in- 
struments which was itself positioned about 120 cm to the side of the frame. The second sensor was 
suspended 90 cm below the frame of the instrument package. One sensor was incorporated into a 
small (3-kg) parachute-supported dropsonde for release after achieving peak altitude. This sensor, 
suspended below the entire dropsonde train and, hence, sampling unperturbed air, was designed to 
measure the ambient water vapor concentration as the sonde descended from peak altitude through 
the stratosphere until it entered the top layers of the troposphere. 

RESULTS 

Ambient water vapor values are obtained from the dropsonde (parachute drop no. 3)  released from 
the Stratcom VIII-A Balloon at 0945 MST, shortly after achieving peak altitude. These data in 
terms of frost point are shown in Figure 1 .  The points on the curve are at I-minute intervals. Tem- 
perature corrections were made assuming the temperature profile shown in Figure 1 from ECC sonde 
data. The dashed line is an extrapolation of the ECC sonde data; the points above 35 km are air tem- 
peratures from three rocket meteorological sondes, one on September 27 and two on September 30. 
The accuracy of the frost point data in the stratosphere is estimated to be 23°C. The initial value 
from the dropsonde is relatively high, as would be expected within the boundary layer of the main 
payload. However, the values drop rapidly, consistent with a time constant of less than 1 minute to 
values of less than -lOO°C, indicating a very dry and presumably ambient atmosphere with less than 
1 ppm, water vapor. A layering is evident in the altitude profile; these layers are superimposed 
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upon an increase, below 25 km, to  a saturated value at the tropopause near 17 km. The telemetry 
recorders were turned off at that time, precluding data from the dropsonde at lower altitudes. The 
ECC sonde indicated a relatively dry troposphere, with a relative humidity of less than 20 percent 
from 4 km to at least 10 km. 

At the top of the balloon, water vapor values in the stratosphere are influenced by the presence of 
the balloon. Data from the sensor on the apex plate during ascent are shown in Figure 1, where they 
can be compared to  the dropsonde data. The apex data were temperature corrected using the ECC 
sonde air temLerature. Data from the apex sensor start at 13 km and indicate a dry troposphere. 
This is in contrast to the experience on Stratcom VI1 where ice, deposited on this sensor while in the 
troposphere, remained on the sensor for much of the ascent. The apex sensor, in close agreement 
with the dropsonde sensor, indicates a saturated condition at the tropopause near 17 km. In the 
stratosphere, the warming balloon continues to evolve water vapor, keeping frost points at the apex 
plate as much as 30°C above ambient, although the trend follows that of the dropsonde with some 
evidence of layering. 

During the ascent, near 35 km, dropsonde no. 1, weighing about 70 kg was released. This, no doubt, 
was accompanied by a brief “shudder” of the entire balloon as the change in tension propagated up- 
ward. This may have released bits of frost that had accumulated on the balloon during its passage 
through the troposphere, resulting in the marked increase in water vapor as monitored at the apex 
plate. Shortly after reaching peak altitude, telemetry from the Top Package ceased. 

The close agreement between the Apex sensor and the dropsonde sensor at the saturated tropopause 
indicates a precision, and probably an accuracy as well of +1”C. 

Water vapor values in the vicinity of the main payload were obtained from two sensors from about 
1030 to 1745 MST. The reasons for the absence of data before and after this period are not known. 
The available data from the two sensors, shown in Figure 2 and Table 1,  are in reasonably good agree- 
ment. Also shown is the air temperature near the main payload as measured by the film temperature 
sensors (see Ballard, this document) and which were used in correcting the data from the water vapor 
sensors. The data in Figure 2 start about 1-1/2 hours after the balloon reached its float altitude. 
Between 1030 and 1745 MST the balloon descended slowly to 35 km, as is also shown in Figure 2. 
In this portion of the flight, as in preceding flights, a relatively rapid outgassing of the balloon and 
instrument package is taking place. During this flight the two sensors showed divergences from one 
another during certain portions of the flight but were frequently in good agreement with each other. 
The sensor suspended below the instrument package showed somewhat lower water vapor concentra- 
tions than the sensor located in the horizontal plane of the package, as would be expected. Slightly 
higher values measured during this flight as compared with ambient concentrations in the instrument 
package vicinity during the Stratcom VII-A flight are consistent with the temperatures measured in 
the envelope surrounding the instrument package which were considerably higher than free ambient 
temperatures. Such envelope temperatures would be expected to induce greater desorption from 
the instrument package surfaces and interior structures. A correlation between the air temperature 
(as influenced by the temperature of the payload) and the water vapor content is evident. 
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- 

Time (MST) 

1100 

1200 

1300 

1400 

1500 

1530 

1600 

1700 

1745 

Table 1 
Water Vapor Measurements-Frost Point and Mixing Ratio Data from 

Stratcom VIII-A Gondola-Mounted Sensors 
- -  

Altitude (km) 

40.7 
40.8 

39.0 

38.0 

37.1 

36.4 

36.5 

35.8 
35.2 

Frost Point, "C 

Sensor 1 

-47.5 
-61.5 

-58.5 

-58.0 
-59.0 

-8 1 .O 

-66 .O 

-75 .O 

-60 .O 

Sensor 2 

-69.0 

-65.5 

-63.0 

-59.5 

-87.0 

-72.0 

-78.5 

-64.0 

PPMw(H, 0) X 1 O-' 

Sensor 1 

127 

21.2 

25.0 

23.2 

18.0 

0.61 

5.8 

1.5 

12.0 

Sensor 2 

7.3 

9.5 

11.8 
16.8 
0.22 

2.6 

0.85 

6.9 

CONCLUSIONS 

Once again, as in the Stratcom VII-series, the Aquamax sensors have provided useful and informative 
data with regard to  the water vapor concentrations at different locations in the Stratcom VIII-A 
environment. All sensors performed satisfactorily and provided generally internally consistent data 
which, at the apparently saturated tropopause, were also in excellent agreement with ambient tem- 
perature data. The rapid sensor response time permitted much detail of the altitude and temporal 
variation to  be detected. 

Unperturbed ambient concentrations, as determined from dropsonde data, average approximately 2 
ppm, but much structure and wide variations, ranging from a low of 0.3 ppm, to a high of 
5.7 ppm,, were observed in the stratosphere. It is to  be noted that an accuracy estimate of +3"C in 
these frost point data would, if appropriately applied, reduce, but not eliminate, the magnitude of 
the variation. Nevertheless, the data obtained could, for this particular stratosphere, be interpreted 
to  indicate a mixing ratio which slowly decreases with altitude above the tropopause. Superimposed 
upon the decrease is a layered structure. More data of this type are required to  ascertain whether 
this is an isolated or a more general phenomenon. 

A relatively dry upper tropopause permitted the sensor located on the apex plate to provide data 
during most of the ascent. Such data indicated a similar layering structure in the stratosphere as was 
observed by the dropsonde despite the evident contamination arising from the balloon and surround- 
ing structure. Previous Stratcom flights has provided usable data only at much higher altitudes 
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during the ascent because of ice film formation on the sensor surface in wet tropospheres. The sen- 
sor now under development, for which the substrate is heated well above the ambient, should obviate 
the problem even if wet tropospheres are encountered in future flights. 

The two sensors positioned in the vicinity of the instrument package provided data in general accord 
with previous experience as modified by a temperature at  this location which was significantly higher 
than the unperturbed ambient. Outgassing rates and local concentrations were higher with the result 
that concentration gradients were smaller. 

Water vapor data from previous Stratcom flights have provided supporting evidence for circulatory 
features detected by other instruments and have suggested other such features as a result of the water 
vapor data themselves. Preliminary attempts at such correlations for this flight indicate that such 
correlative features are once again present but more detailed examination and analysis is required. 
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TOTAL OZONE FROM THE DOBSON SPECTROPHOTOMETER 

Jagir Randhawa 
US. Army Electronics Command 

Atmospheric Sciences Laboratory 
White Sands Missile Range 

New Mexico 88002 

A Dobson spectrophotometer, Serial No. 86 located at the Atmospheric Sciences Laboratory, is 
routinely used to  make observations of the total column content of ozone each day near noon. This 
instrument was last calibrated against the U.S. standard (No. 83) in Bouider, Colorado, in 1975, and 
continues to  perform as expected. 

During the Stratcom VI11 effort, the data obtained were: 

September 28, 1977 0.291 atm-cm 

September 29, 

September 30, 

977 0.279 atm-cm 

977 0.282 atm-cm 
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TOTAL OZONE FROM AN ULTRAVIOLET' FILTER PHOTOMETER 

Peter G. Simeth 
Sen Tran Company 
270.5 de la Vim St. 

Santa Barbara, California 93105 

An ultraviolet filter photometer was operated at Holloman Air Force Base simultaneously with the 
Dobson spectrophotometer at the Atmospheric Sciences Laboratory (White Sands Missile Range) on 
September 29, 1977, in order to assess the ability of the filter photometer to measure total column 
content of ozone. 

INSTRUMENT 

The SenTran filter photometer is a four-channel instrument similar in construction to the Rocoz 
photometer widely used on sounding rockets for ozone profile measurements (Reference 1 ). The 
filters were chosen to correspond to the A and C pairs used by the Dobson spectrophotometer, that 
is, with center wavelengths of 325.5 nm/305.5 nm and 332.5 nm/3 11.5 nm. The field of view was 
set at 2.3" by replacing the flat plate diffuser with a lens system. The instrument was manually 
pointed to the Sun. 

R ESU LTS 

For the Dobson spectrophotometer, total ozone values were derived from the A and D pair; for the 
filter photometer, total ozone was calculated from the 332.5-nm and 3 1 1.5-nm data, corresponding 
to the Dobson C pair. The results are as follows: 

Local Time 0858 1000 1102 1301 1401 1500 Average 

Dobson (atm-cm) 0.278 0.278 0.284 0.285 0.282 0.278 0.28 1 

SenTran (atm-cm) 0.279 0.284 0.289 0.283 0.277 0.280 0.282 

DISC USSl ON 

Ozone values derived from the C pair UV filter photometer readings agreed very well with those from 
the Dobson spectrophotometer, but values from the A pair readings were approximately 15 percent 
low. Investigation showed that calibration of the A pair filters was not adequate. A subsequent 
comparison test was made with the Dobson spectrophotometer at Wallops Flight Center (June 26 
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through June 29, 1978) using the same photometer with a set of recently calibrated filters. This 
time, ozone values derived from both the A pair and the C pair were within 3 percent of the Dobson 
ozone values during the entire 4-day period. 
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OZONE PROFILE FROM THE ECC OZONESONDE 

Charles Manion 
NASA, Wallops High t Center 

Wallops Island, Virginia 23337 

ABSTRACT 

An Electrochemical Concentration Cell (ECC) ozonesonde was flown from a small 
balloon to an altitude of 36 km at the White Sands Missile Range on September 29, 
1977, as part of the Stratcom VI11 effort. It was included primarily for the pur- 
pose of comparing the ECC in situ ozone data with that from other sensors, both 
in situ and remote. The ECC sonde provided an ozone profile to an altitude of 
36 km with a maximum ozone density of 4.30 x 10l8 molecules/m3 at 25 km 
and an integrated total ozone value of 0.280 atm-cm. 

INSTRUMENT 

The Electrochemical Concentration Cell (ECC) balloon ozonesonde is a lightweight, compact, and 
relatively inexpensive instrument developed for measuring the vertical distribution of atmospheric 
ozone. It was developed by W. D. Komhyr and T. B. Harris for the Department of the Navy (Ref- 
erences 1 and 2). The balloon-launched instrument is physically and electronically coupled to a 
standard NOAA radiosonde and collects and transmits data from the surface to approximately 35 
kilometers. 

The sensor is based on an iodine/iodide redox cell in which ozone is consumed in the oxidation of 
iodide ions to molecular iodine. The latter is quickly converted back to the iodide form in a reaction 
driven by the iodide concentration differential that exists between the cell anode and cathode. The 
electrical current produced is proportional to the mass flow rate of ozone into the cell and is detec- 
ted and transmitted via telemetry back to a ground-based receiver. The ozone cell is made of two 
bright platinum electrodes immersed in potassium iodide solutions of different concentrations con- 
tained in separate cathode and anode chambers. The chambers are linked together with an ion bridge 
that serves as an ion pathway and retards mixing of the cathode and anode electrolytes, thereby, pre- 
serving their concentrations. The ECC sensor does not require application of an external emf for 
operation. Driving emf for the cell is derived from a difference of potassium iodide concentrations 
present in the two half cells caused by bubbling air containing ozone through the cathode electrolyte. 
The current flowing in the cell external circuit is directly related to the rate of conversion of iodine 
to iodide, or iodide to iodine. The air pump used within the sonde is of unique design that permits 
pump operation without the use of ozone-destroying lubricants. All pump components that come 
in contact with sampled air are fabricated from Teflon reinforced with 15 percent glass fibers, mater- 
ials that are inert to ozone. 
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The minute current (0 to  6 PA) emitted by the electrochemical concentration cell during the mea- 
surement of ozone is impressed upon a simple two-transistor coupler, the resistance of which varies 
with the magnitude of the impressed current. Data telemetry is accomplished by periodic connec- 
tion of the coupler, by means of a mechanical sequencing switch, to  a 1680-MHz radiosonde. The 
sequencing switch used is of the “stepper” type, the duration of each “step” being about 3% seconds. 
One complete revolution of the switch takes 2 minutes. Telemetry data signals are atmospheric 
pressure, temperature, humidity, ozone, sonde box temperature, “ozone zero”, and “ozone cali- 
brate”. The last two signals provide for in-flight calibration of the telemetry systems. 

As part of an on-going evaluation of the ECC sonde, total ozone column content inferred from flights 
of ECC sondes has been compared to total ozone as simultaneously observed by the Dobson spectro- 
photometer (References 3 and 4). In this set of data, the total ozone from the ECC profiles was less 
than that from the Dobson by 5.7 percent with an uncertainty in the comparison of k8.5 percent. 

R ESU LTS 

An ECC sonde was launched at 0925 MST, September 29, 1977, from the White Sands Missile Range. 
Prior to  flight the ECC sonde had been calibrated in an absolute sense at Wallops Flight Center by 
comparison with a Dasibi ozone monitor. The performance of the system was satisfactory in every 
way. Ozone and temperature data are plotted in Figure 1 and listed in Table 1. 

Explanation of the Column Headings in Table 1 

TIM MIN 
ALT GP MT 
OZONE MICMB 
TOTOZ ATMCM 
OZDEN GAMMA 
OZMXR MICGG 
PRESS MB 
LOG PRESS 
TEMP DEG K 
PTEMP DEG K 
VTEMP DEG K 
HUMTY PRCNT 
DEWPT DEG K 
SPECIFIC HUMTY 
SPD MPS 
DIR DEG 
NS MPS 
EW MPS 

Minutes after launch 
Altitude above sea level, geopotential, meters 
Ozone pressure, micromillibars 
Ozone column content beneath sonde, atmosphere-cm 
Ozone density, micrograms/meter3 
Ozone mixing ratio, micrograms/gram 
Atmospheric pressure, millibars 
Logarithm of atmospheric pressure, base 10 
Atmospheric temperature, kelvin 
Potential temperature, kelvin 
Virtual temperature, kelvin 
Relative humidity, percent 
Dew point, kelvin 
Specific humidity 
Wind speed, meters/second 
Wind direction, degrees 
Wind, north-south component, meters/second 
Wind, east-west component, meters/second 
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Figure 1. Partial pressure of ozone (solid line) and temperature (dashed line). 
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Table 1 
Electrochemical Concentration Cell Ozonesonde 

i2i9 
1445  
1 5 - 6  
17-3 
1 9 8 .  
2 - 3 3  
2264 
2544 
2842  
3124 
3174 
34f.2 
3687 
3967 
4256 
4444 
454; 
4847 
5164 
5495 
5 8 2 9  
5 9 , 7  
5146  
5475 
6787; 
7 - 6 +  
7385  
7625 

6 4 , 2  
5 6 1 1  
6 4 1 8  
5 4 1 8  
5 2 1 3  
56 ,5  
54 ,3  
5 5 1 6  
4 9 1 4  
49,b 
4717  
4 6 1 2  

7,O 277 
6 ,2  2 7 9  
5 1 9  287  
6 , 4  3 0 6  
8,4 310 
9 1 1  524 
9 , 2  324 
9 1 5  3 2 4  

1111 3 2 0  
8 1 2  2 9 1  
8,7 3 3 2  

1 3 1 7  3 5 2  
1 1 1 8  3 4 2  
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Table 1 (Continued) 

S l A l I U t j  W H I T E  SAND LAbjJCH R A T E  9 2 9 7 7  L A U r J C l  LULU 1 6 2 5  E C C  SO,lDE ? A = Z O , X  

2 1 5  I 2  
2 4 1 . 3  
2 6 8 1 1  
3 C 0 1 1  
3 2 0 8 7  
3 2 2 1 7  
3:4,7 
3 2 1  I 3 
3 3 3  I 8  
3 4 0 # 5  
J 4 0  14 
3 4 0  I 0 
3 4 2 . 1  
3 4 2 . 1  
3 3 7  I 7  
3 3 4 , 7  
3 3 3  I 2 
3 2 7 1 9  
323 I 3 
3 2 6  I 3 
3 3 2  I 3 
3 3 3 1 6  
3 3 4 , l  
3 3 3 1 3  
3 4 2 1 6  
3 4 4  I 0 
3 4 4  1 3  

3 3 2 1  0 
3 2 4 , s  
3 1 8  I 6 

3 1 0 1 8  
2 9 5 1 3  
2 7 4 , 6  
2 7 2 , O  
269 I 2 

3 1 2  I 2 

262,2 
2 6 5  I 6 
261 I 3 
2 5 5  7 
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2 9 3 8 3  

299L.3 
JU352 
3 0 7 7 6  
5 1 2 3 1  
3 1 3 6 6  
5 1 7 1 8  
5224? 
5 2 8 9 5  
4343 '  
3 3 8 1 2  
3 4 2 1 9  
3 4 6 5 7  
3 4 8 7 9  
351.15 
3561? 
3 5 1 4 9  

2984A 

1 LJ T 2 G9 A L 
R E S  I OJAL 

I Y T i G ? A T E U  
T O T A L  OZONE I I .27Y13 

0 . 2 5 7 2 2  
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OZONE PROFILE FROM THE MAST OZONESONDE 

Jagir Randhawa 
Atmospheric Sciences Laboratory 

White Sands Missile Range 
New Mexico 88002 

As part of the Stratcom VI11 effort, the Mast* ozonesonde (a commercial version of the Brewer ozone 
sensor) was flown at 0700 MST, September 30, 1977 on a meteorological balloon from the Small Mis- 
sile Range. 

INSTRUMENTATION 

Mast Ozonesondes employ a bubbler sensor conceived and patented by Dr. A. W. Brewer of the Uni- 
versity of Toronto and licensed to the Mast Development Company for development and sale. The 
sensor is based on the electrochemical reaction which takes place when air containing ozone is bub- 
bled into a potassium-iodide sensing solution. The resulting exchange of electrons is directly pro- 
portional to the quantity of ozone introduced through continuous air sampling. The current is 
amplified and conditioned for transmittal through the standard balloon radiosonde system. Two 
milliliters of potassium-iodide sensing solution added just prior to launch is sufficient for the entire 
flight. The air sample is supplied to the sensor by a constant volume reciprocating piston pump at a 
rate of 200 ml/min (calibrated at factory). Power is supplied by self-contained batteries. 

A balloon is used to carry the ozonesonde/radiosonde to approximately 30 km at a speed of 300 m 
per minute. After the balloon ruptures, the sonde descends at a rate of between 600 and 1200 m/ 
min by parachute. To allow for variations in time aloft, the Model 730 is built to operate for 4 
hours. The bubbler solution is self-degassing so that internal pressure is always equal to that of the 
surrounding atmosphere. Temperature control for this unit is essential because the reagent in the 
ozone sensor has approximately the same freezing and boiling point as water. The internal tempera- 
ture is maintained between 2' and 7°C by means of a specially molded flight case of expanded poly- 
styrene beads. 

R ESU LTS 

Data from the Mast ozonesonde are shown in Figure 1. 

*Mast Development Company, 2212 E. 12 St., Davenport, Iowa, 52803 based on US. Patent NO. 3,329,599. 
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OZONE MEASUREMENTS BY CHEMILUMINESCENT SONDES 

Jagir Randhawa 
A tmospheric Sciences Laboratory 

White Sands Missile Range 
New Mexico 88002 

ABSTRACT 

A chemiluminescent (Rhodamine-B) ozonesonde was flown on an Arcas rocket, 
September 29, 1977, during the Stratcom VI11 effort near Holloman Air Force 
Base, New Mexico, providing an altitude profile from 15 to 60 km. On the same 
day, two similar instruments on the Stratcom VIII-A Balloon provided an alti- 
tude profile up to 40 km and data during a 20-hour period of float. 

INTRODUCTION 

Two chemiluminescent ozonesondes were flown on the Stratcom VIII-A Balloon from Holloman 
Air Force Base on September 29, 1977. A similar instrument was deployed from an Arcas rocket to 
measure the ozone profile from 60 to 15 km. Objectives of this experiment were: the determination 
of ozone concentration in the tropopause and stratosphere; the measurement of diurnal variation of 
the ozone density in the stratosphere and its importance to ozone photochemistry; and comparison 
of ozone concentrations measured by other techniques on the same balloon. 

INSTRUMENTS 

The chemiluminescent ozonesonde (Figure 1)  for the Stratcom Balloon flight consists of two main 
parts : 

a. A constant-volume sampling pump made from Teflon is used for the intake of the air sam- 
ple. Sample is drawn at a rate of 200 ml/min. 

b. Ozone is detected by the chemiluminescent process (Rhodamine-B). Ozone molecules in 
the air sample flow over the detector, and the photons produced by the destruction of 
ozone molecules on the chemiluminescent material are monitored by the photomultiplier 
tube, the output signal from which is transmitted to the ground receiver. 

The instrument is calibrated under simulated flight conditions in the laboratory and is capable of 
measuring ozone concentration with an uncertainty of k I O  percent of the actual concentration. 
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Figure 1. Balloon version of the chemiluminescent ozone sonde. 

RESULTS 

Ozone data from one of the chemiluminescent sondes on the main payload of the Stratcom VIII-A 
Balloon are shown in Figure 2 as a function of time and in Figure 3 as a function of altitude. No 
data were available from the second sonde on this payload. 

Data from the sonde deployed from the Arcas rocket launched from the Small Missile Range at 1520 
MST, September 29, are shown in Figure 4, along with a reference ozone profile (U.S. Standard At- 
mosphere 1976). It is noted that above 40 km the measured ozone values become increasingly larger 
than the reference profile. Laboratory studies are under way to determine whether the sensitivity 
of the chemiluminescent surface is dependent on total pressure. 
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Figure 2. Ozone densities measured by the chemiluminescent ozone sonde on the Stratcom VIII-A main payload. 
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of altitude, September 29, 1977. 
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MEASUREMENT OF OZONE BY A DASIBI OZONE MONITOR 

John E. Ainsworth and lames R. Hagemeyer 
NASA, Goddard Space Flight Center 

Greenbelt, Maryland 20 771 

A modified Dasibi ozone monitor was flown on the Stratcom VIII-A Balloon 
launched September 29, 1977, from the Holloman Air Force Base, New Mexico. 
Ozone densities were measured from 2 to 8 km altitude and for 5 hours near 40 
km. Air temperature measurements were made at the same time by means of a 
bead thermistor mounted at the entrance of the air inlet tube of the ozone 
monitor. 

INTRODUCTION 

A Dasibi ozone monitor, modified for flight use, and an associated bead thermistor for the measure- 
ment of ambient air temperature were flown as part of the main payload of the Stratcom VIII-A 
Balloon. Our objectives were to  compare the ozone densities measured by the Dasibi with those 
measured by other ozone sensing systems and to  assess the error in the measurement of ambient 
temperatures using a particular mounting configuration for the bead thermistor. 

INSTRUMENT 

The Dasibi ozone monitor is a commercially available instrument which we have modified extensively 
for balloon use. It contains an absorption chamber, 0.71 m in length, irradiated by the 253.7 nm line 
from a mercury lamp. The absorption chamber is first filled with a sample of the ambient atmo- 
sphere from which the ozone has been removed by means of a catalytic scrubber. The scrubbed 
sample is then replaced with a sample of the ambient atmosphere. To obtain the ambient ozone den- 
sity, the instrument compares the absorption of the 253.7 nm line by the scrubbed-atmosphere 
sample with that of the ambient atmosphere sample. Important features of the instrument are its 
insensitivity to  changes in the rate of air flow through the absorption chamber and its ability to en- 
sure that the total photon flux is the same for both the scrubbed and ambient air samples. The com- 
mercial instrument was modified to obtain greater resolution and accuracy in the measurement of 
ozone by using the instrument at its maximum sensitivity and by noting the zero reference associated 
with each ozone measurement. The instrument was placed in a pressurized container to prevent arc- 
ing of its high voltage components at the low atmospheric pressures encountered during the balloon 
flight. 
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To measure ambient air temperature, a 0.25 mm diameter bead thermistor was placed 2 cm inside 
the open end of the Dasibi air inlet tube (1 cm I.D.). The thermistor was shielded from direct sun- 
light by the teflon inlet tube and was bathed by ambient air pumped continuously through the Dasibi 
inlet tube at a speed of 1 m/s. 

RESULTS 

Ambient ozone densities are shown in Figures 1 and 2. Because of an intermittent failure in the 
monitor’s air pump, measurements of ozone were limited to the periods from 0607 to 0630 MST (2 
to 8 km) and from 11 17 to 1623 MST (40.5 to 38 km). The ozone monitor was calibrated at the 
National Bureau of Standards at  roughly 1000 mb and 300 K by comparison with their secondary 
standard (a Dasibi monitor). The ozone density data set was corrected to account for the fact that 
the temperature and pressure of air in the absorption chamber differed from the temperature and 
pressure of the ambient atmosphere. The error estimates shown in Figures 1 and 2 include an esti- 
mated k2 percent error due to the uncertainty in our knowledge of the value of the coefficient for 
the absorption of the 253.7 nm line by ozone and an additional 1 percent due to the error associated 
with the use of a secondary standard. Altitudes were determined by ground based radar with an es- 
timated error of k0.5 percent. 

The fluctuations in the ozone in Figures 1 and 2 have several different causes. The frequent small- 
scale fluctuations represent the usual noise level of the instrument. Large, single-point spikes (e.g., 
at 1 152 MST) and bursts that appear in both the ozone signal and the zero reference signal (at 1230, 
1356, I42 1, 15 16, and 1550 MST) are also considered instrument noise. At low altitudes (up to 8 
km) noise associated with the transition from turbulent to laminar flow within the absorption cham- 
ber also appears. Short term variations in the ozone signal extending over a number of data points 
and not accompanied by changes in the zero reference signal (such as the decrease at 1255 MST, the 
increase at 1522 MST, and the decrease at 1600 MST) are considered to represent changes in ozone 
content. 

Ozone densities were also measured by other instruments on the same gondola and on other vehicles. 
In the troposphere, densities disagreed by a factor of 5 ; at float altitudes, the disagreement was as 
much as a factor of 2. A further comparison of the ozone results is given in “Highlights of the Strat- 
com VI11 Results” (Reed) in this document. 

Figure 3 presents the ambient air temperature profile obtained from the measurements made with 
the bead thermistor mounted in the Dasibi air inlet tube. The error in the air temperatures measured 
from 0607 to 0630 MST (2 to 8 km) when the Dasibi air pump was operating is believed to be less 
than k1.5 K. Extrapolation of the temperature profile at 0630 MST shows that, immediately after 
the air flow past the thermistor ceased, the thermistor temperature rose 6 K above the ambient air 
temperature. 
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Figure 1. Dasibi ambient ozone measurements. The measurements a t  40.5 to 38 km are replotted versus time in Figure 2. 
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From 1 1 15 to 1630 MST the Dasibi air pump was again in operation and the error in the air temper- 
ature measurement is believed to be k2.5 K or less after correction for self-heating. Despite the ab- 
sence of forced convection cooling of the thermistor, due to the low air density at these altitudes, 
conduction to the continuously flowing air in the inlet tube is apparently sufficient to maintain low 
measurement error. 

In Figure 2, we compare the Dasibi air temperature measurements with those of Ballard’s film 
mounted thermistor measurements (“Air Temperature Measurements with Film-Mounted Thermis- 
tors,,) from 1 1 15 to 1630 MST. Despite a difference of as much as 5.5 K between the two curves, 
there is general agreement in their shapes and the average temperature difference over the interval 
from 1100 to 1630 MST is approximately 0.2 K. 
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A DROPSONDE FOR NITRIC OXIDE AND OZONE 

Alan Shaw 
Center for  Atmospheric and Space Sciences 

Utah State University 
Logan, Utah 84322 

The first of three parachute dropsondes released from the Stratcom VIII-A Balloon on September 
29,1977, carried instruments to measure nitric oxide, ozone, solar flux and the earth albedo; the 
dropsonde is shown in Figure 1. The NO detector was based on chemiluminescence resulting from 
the addition of ozone and was built at Utah State University. The ozone detector was similar to  the 
chemiluminescent instrument using Rhodamine-B (see “Ozone Measurements by Chemiluminescent 
Sondes”). The solar flux for the measurement of ozone overburden and the flux for the determina- 
tion of underlying albedo were measured by small filter photometers (see “Filter Photometer Mea- 
surements of Solar Flux and Underlying Albedo”). 

This first flight of the dropsonde was not successful because an electrical failure precluded the 
operation of the data recording system. The sonde was recovered in good condition and the tape re- 
corder was replaced with a more reliable unit. The sonde was then flown successfully on December 
2, 1977 from Palestine, Texas. 
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OZONE AND NITRIC OXIDE DATA FROM THE 
SAS-I1 INSTRUMENT 

Max Loewenstein, Walter L. Starr 
and Roger A. Craig 

National Aeronautics and Space Administration 
Ames Research Center 

Moffett Field, California 94035 

ABSTRACT 

The Ames SAS-I1 air sampler for the in situ measurement of NO and 0 3  was used 
aboard the Ames U-2 aircraft during twc flights in the vicinity of Holloman Air 
Force Base, New Mexico, September 29, 1977, as part of the Stratcom VI11 effort. 
The instrument is based on the chemiluminescent reaction between NO and 03. 
An electronic problem degraded the performance of the NO measurement system, 
precluding analysis of the data at this time. The ozone instrument performed 
satisfactorily and the results are presented as a vertical ozone profile between 13 
and 21 km. 

I NTRODUCT IO N 

One of the objectives of the Ames in situ stratospheric measurements program is to  determine con- 
centrations of odd nitrogen species and ozone in the lower stratosphere. Measurements are made in 
situ at U-2 flight altitudes up to 21 km. As part of this program, and in cooperation with the Strat- 
com VI11 effort, two U-2 aircraft flights were made from Moffett Field, California, to  the vicinity of 
Holloman Air Force Base, New Mexico, and return. The first flight on the afternoon of September 
28, 1977, was timed to underfly the Stratcom VIII-B Balloon during local sunset. The second flight, 
the next morning, coincided with the flight of the Stratcom VIII-A Balloon. The purpose of these 
flights was to  compare data from the U-2 sensors along a long horizontal path with the sunset solar 
absorption data from the VIII-B Balloon and with the various ozone and nitric oxide sensors planned 
for the VIII-A Balloon. In addition, the U-2 data will be used to test predictions of atmospheric 
models that are in use or under development at Ames Research Center and elsewhere. 

INSTRUMENT 

The Ames in situ stratospheric air sampler, SAS 11, collects real-time data on NO and O3 as part of 
an overall NASA Program for stratospheric studies. System details and measurement results have 
been presented previously (References 1 to 3). Capability for measuring NO2 is being developed. 

103 



OZONE 

The air sampler system weighs 230 kg and is specially designed to be mounted in the instrument bay 
of the U-2 high-altitude research aircraft. Each instrument consists of an NO/03 chemiluminescence 
sensor: to measure ozone, NO is added to the sample; to measure nitric oxide, O3 is added. Light 
from the chemiluminescent reaction is detected by cooled photomultipliers operated in pulse- 
counting mode. The chemiluminescence signals, along with a variety of pressure, temperature, and 
system diagnostic measurements, are recorded on magnetic tape for later analysis. 

A cylinder of NO-in-N2 calibration gas is carried on flights to allow periodic calibration of the NO 
sensor. The 0 3  sensor is calibrated in the laboratory both before and after a flight operation. 

The sampler has two modes of operation: 

1. Automatic - In this mode, 3 minutes each are provided for measurement, calibration, and 
null (zeroing) for each constituent channel. The system is fully automatic in this mode. 

2. Manual - In this mode, after 3 minutes of calibration and 3 minutes of null, a measure- 
ment period of arbitrary length can be selected by the pilot. At the end of the measure- 
ment period the calibration and null are repeated. 

The system can be switched from one mode to the other at any time during the flight. 

A Rosemount total air temperature probe is mounted on the U-2 aircraft, providing continuous 
temperature data during the in situ sampling flights. Mach number information from the air data 
system is used to convert total to static air temperature. 

FLIGHT RESULTS 

In situ measurements of NO and 0, were carried out in conjunction with the Stratcom VIII-A and 
-B Balloon flights: The U-2 flight paths are shown in Figures 14 through 17 of "The Stratcom VI11 
Effort" in this document. 

The 0 3  and air temperature data acquired during the two flights are presented in Figures 1 and 2 as 
altitude profiles. The data have been averaged over 6-minute intervals corresponding to 72 km of 
flight path. The data of the first flight were taken at UT 0000 to 0145 between 107"W and 112"W; 
on the second flight, data were taken at 1540 to 1815 UT between 105"W and 109"W. For compar- 
ison, ozone and air temperature data from an EEC sonde flown from White Sands Missile Range 
(23.3"N 106.5"W) at 1625 UT, September 29, have also been included. 

The dots in Figure 1 represent the average values of ozone observed at each altitude; the bars indicate 
the range of values observed. These fluctuations are due primarily to  variations in the atmospheric 
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Figure 1. Ozone data obtained with the Ames in situ sampler on the U-2 aircraft. Points represent the observed 
average ozone and the horizontal bars show the total spread of the observed ozone. The line represents ozone 

data from the ECC ozonesonde flown from White Sands Missile Range at 1625 GMT. 
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densities of ozone and are much larger than the variations attributable to short-term instrument sta- 
bility or to variation in aircraft altitude. The fluctuations at times suggest a wavelike structure; this 
phenomenon is undergoing study using a more extensive data base and is intended to be the topic 
of a later report. 
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OZONE PROFILE TO 60 KM FROM THE ROCOZ INSTRUMENT 

Arlin J.  Krueger and David U. Wright 
NASA, Goddard Space Flight Center 

Greenbelt, Maryland 20 771 

Peter Simeth 
SenTran Company 
2705 de la Vina St. 

Santa Barbara, California 93102 

Staff 
NASA, Wallops Flight Center 

Wallops Island, Virginia 23337 

MSTRACT 

A rocket carrying an optical ozonesonde was launched at 1822 GMT on September 
29, 1977, from White Sands Missile Range, New Mexico, as part of the Stratcom 
VIII-A effort. The integral ozone amount above the balloon ceiling altitude of 40 
km was measured as 0.01 17 atm-cm with an uncertainty less than k7 percent. The 
ozone density at 40 km was 6.77 x 1017 mol/m3. Ozone densities in molecules/m3 
at higher altitudes were 2.28 x 1017 at 45 km, 6.72 x 1016 at 50 km, 2.20 x 1OI6 
at 55 km, and 7.26 x 1015 at 60 km. In addition, the ozone distribution was mea- 
sured at  lower altitudes from the tropopause at 17 to 40 km. A similar instrument 
was placed on the main gondola of the Stratcom VIII-A balloon; however, inter- 
fering objects in the field of view did not permit interpretation of the balloon data 
in terms of an ozone profile. 

INTRODUCTION 

Several Stratcom VI11 experiments require a determination of the amount of ozone remaining above 
the balloon’s ceiling altitude for interpretation of results which depend on the incident solar flux in 
the middle ultraviolet. The present experiment determined that parameter with an optical ozone sen- 
sor carried aloft with a Super Loki-Dart rocket, launched from White Sands Missile Range on Septem- 
ber 29, 1977, 1122 MST, while the Stratcom VIII-A Balloon was near its ceiling altitude of 40 km. 
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I NSTR UM E NTAT I ON 

The Rocoz optical ozonesonde measures the attenuation of ultraviolet sunlight in atmospheric 
layers. The ozone density is directly computed from the attenuation per kilometer height 
interval, given the ozone absorption coefficient for the wavelength band in use. The instrument used 
for this rocket observation is the standard unit in use for the past 2 years at Wallops Flight Center 
and Churchill Research Range. A description of the instrument may be found in Reference 1. 

The ozonesonde determines the vertical ozone profile from measurements of the height gradient of 
relative solar irradiance in three narrow UV bands of about 3 to 4 nm width. The center wavelengths 
of these bands are selected for optimum sensitivity to ozone in adjacent height regions over the 
height range of 20 to  60 km. A fourth narrow band at a wavelength with a low ozone absorption 
coefficient is also included to  monitor extraneous sources of signal change, such as aerosol scattering. 

The Rocoz ozonesonde operates over solar zenith angles from 0 to 84". A flat plate diffuser with 
approximately Lambertian angular response is used as the first optical element such that acceptable 
signal levels are obtained at the detector over this range of angles. This diffuser was selected because 
light from the horizon is minimized and because such measurements are directly amenable to radia- 
tive transfer calculations. The light from the diffuser plate passes through a beamsplitter and then 
through narrow-band interference filters mounted in a filter wheel. Visible and infrared light trans- 
mitted by the interference filter are removed with a broadband UV-filter. A quartz lens focuses light 
from the diffuser plate on a UV enhanced silicon photodetector. The lens also limits rays passing 
through the interference filter to 8.5" from the normal. 

An amplitude modulation of the optical signals, caused by changes of the angle of incidence of sun- 
light on the diffuser, is removed in the following manner: A small percentage of the light from the 
diffuser plate is redirected by a 4.5" beamsplitter to  a second photometer similar in construction to  
the primary W photometer, but sensitive to  a fixed band near 375 nm. The output of this photom- 
eter feeds into the X input (denominator) of the dividing circuit. The output of the UV photometer 
connects to  the Z input (numerator). Changes in light input level (pendulation, rotation, or partial 
shading of the diffuser plate) affect both divider input signals equally and, therefore, are cancelled in 
the dividing circuit. In the rocket instrument the output of the dividing circuit is commutated into 
four sample and hold circuits which are updated when their corresponding narrow-band filter is lined 
up with the UV optical assembly. Each sample and hold circuit provides a 0- to  5-V output signal to 
the telemetry system. 

The compensation signal which is proportional to  the input light level is also transmitted to  the 
ground to  provide information about pendulation and rotation of the sonde. A sixth output signal is 
derived from the thermistor which monitors the temperature of the UV optical assembly. A Super 
Loki-Dart vehicle is used to  deliver the ozonesonde to an altitude of 65 to  70 km. The actual mea- 
surements are made while the instrument package is descending on a parachute (a 7-ft starute). The 
measured data are sampled at a rate of 110 per second and transmitted to  a ground station via a PCM 
telemetry system operating at 1680 MHz. 

109 



OZONE 

____ _ _  - 

3 19.8 
305.0 

299.8 _I- 287.8 

Balloon Borne Instrument 

3.32 

3.82 

3 S O  

3.36 

For balloon use, a Rocoz optical ozone sonde was modified by replacing the filters in channels 3 and 
4 with ones at wavelengths useful below 40 km, and modifying the electrical characteristics of the 
output so as to be compatible with the Stratcom VI11 telemetry system. The photometer was 
mounted on the top level of the main payload for the Stratcom VIII-A balloon, adjacent to ’several 
other solar UV sensors. See Figures 3 ,  4, 5 ,  and 6 of “The Stratcom VI11 Effort”. Immediately 
above the gondola were a packed parachute and a control package with reflective surfaces. 

CA L I BRAT I ON 

The ozonesonde is designed such that the calibration is dependent only on effective ozone absorption 
coefficients for the UV filters. These coefficients are computed using detailed measurements of the 
filter transmission characteristics. The particular instruments flown had characteristics as given in 
Table 1. 

Table 1 
Optical Characteristics of Rocoz Photometers 

I .~. - . - 
I 

Center I ‘i? I Wavelength (nm) 
Half- 

width (nm) 

I Ser. No. 250; rocket flight No. 174 

319.43 

304.1 8 

283.60 

258.40 

3.87 

4.00 

3.84 

7.1 1 

-.- 

0.674 

, 5.297 

76.83 

294.33 
-. 

- .  

0.678 

4.762 

9.64 

49.16 

Altitude 
Region (km) 

Reference 

17-38 

3 8-49 

44-64 

Reference 

25-34 

29-38 

3 5-40 
- 

The half-width, given in column 3, is the wavelength interval between the points where the filter 
transmission is 50 percent of the peak transmission. The parameter in column 4 is the ozone 

110 



OZONE 

absorption coefficient in cm-I for an ozone optical depth of zero. A slight dependence of the 
absorption coefficient on ozone optical depth is included in the data reduction. The correction is 
generally less than 1 percent at unit optical depth. The temperature dependence of the ozone absorp- 
tion spectrum is approximately accounted for by assuming that 44OC coefficients apply to  wave- 
lengths longer than 290 nm (used for ozone measurements in the lower stratosphere) and +18”C co- 
efficients for wavelengths shorter than 290 nm (used in the upper stratosphere and mesosphere). 
This assumption is justified by the higher air temperatures near the stratopause and the lower temp- 
erature coefficients a t  the shorter wavelengths in the Hartley bands. 

Filter No. 0 is a reference channel, while the other filters are used at overlapping altitude intervals, as 
indicated in column 5. 

RESULTS 

The rocket data Rocoz sonde was flown on a Super Loki rocket launched at 1822 GMT (1 122 MST), 
September 29, 1977, from the Small Missile Range (WSMR, New Mexico) to  an altitude of 65 km. 
The flight data were processed in the manner established for the Rocoz sondes regularly used in the 
Meteorological Rocket Network soundings. 

The ozone profile from the three active filters in this instrument is shown in Figure 1, and the com- 
posite data from merging the results in overlap regions are given in Table 2. The results from Filter 
No. 3 average 1 percent higher than the Filter No. 2 ozone densities from 44 to 49 km. In the single 
overlapping height between Filters No. 1 and 2, the Filter No. 2 results are 4 percent higher. (This 
value changes to  -1 percent if the Filter No. 1 data are extended 5 km upwards beyond the limit of 
optimum accuracy.) The ozone profile exhibits only minor structural deviations from a constant 
scale height (1 1 = 4.3 km) profile above 38 km. Below this the local scale height increases until the 
ozone density maximum of 5.2 x lo1  m-3 near 25 km is reached. 

The ozone mixture ratio profile is shown in Figure 2. This exhibits a peak of 18.4 pg/g (1 1 ppm) 
near 33 km and a rather featureless decay above and below, becoming less than 10 pg/g at 25 and 44 
km, and less than 5 pg/g at 2 1.5 and 50 km. 

The probable errors in the results are generally less than 10 percent between 21 and 50 km. Above 
50 km, the errors grow due to  parachute pendulation and lower attenuation per unit height. Below 
21 km, the errors grow rapidly due to a small signal level. The relationships between the Rocoz data 
and that from other ozone sensors during this effort is indicated in “Highlights of the Stratcom VIII 
Effort”, and, in terms of column content, in Table 3. 

An initial inspection of the rocket data has shown that a completely unreasonable telemetry zero off- 
set would be required to bring the rocket profile into agreement with the ECC data. Likewise, a filter 
temperature coefficient 10 times larger than the manufacturer’s specification would be required. The 
discrepancy could be accounted for by postulating interference in the 304.2 nm band by another 
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Table 2 
Data Report for Rocoz Flight Number 174 

(White Sands, New Mexico, 1822 GMT, Sept. 29, 1977) 

O3 Density 
mol/cm3 

7.254E + 09 
8.598E + 09 
1.182E + 10 
1.505E + 10 
1.746E + 10 
2.203E + 10 
2.687E + 10 
3.224E + 10 
4.299E + 10 
5.642E + 10 
6.717E + 10 
7.792E + 10 
9.941E + 10 
1.290E + 1 1 
1.693E + 11 
2.284E + 11 
3.063E + 11 
3.896E + 11 
4.890E + 11 
5.723E + 11 
6.771E + 11 
9.162E + 11 
1.201E + 12 
1.354E + 12 
1.574E + 12 
1.913E + 12 
2.300E + 12 
2.679E + 12 
3.063E + 12 
3.466E + 12 
3.842E + 12 
4.191E + 12 
4.487E + 12 
4.890E + 12 
5.239E + 12 
5.186E + 12 
5.212E + 12 
5.186E + 12 
4.756E + 12 
4.030E + 12 
3.144E + 12 
2.297E + 12 
1.588E + 12 
1.094E + 12 

Mix Ratio 
Mass 

1.85 
1.91 
2.29 
2.59 
2.68 
3.02 
3 -20 
3 -43 
3.98 
4.6 1 
4.88 
5.04 
5.67 
6.49 
7.60 
8.87 

10.49 
11.57 
12.5 1 
12.82 
13.24 
15.55 
17.41 
16.88 
16.87 
17.57 
18.22 
18.3 1 
18.05 
17.65 
16.97 
15.59 
14.34 
13.39 
12.24 
10.34 
8.78 
7.37 
5.82 
4.17 
2.65 
1.60 
0.92 
0.52 

Mix Ratio 
Volume 

1.12 
1.15 
1.38 
1.56 
1.62 
1.82 
1.93 
2.07 
2.40 
2.78 
2.95 
3.04 
3.42 
3.92 
4.58 
5.35 
6.33 
6.98 
7.55 
7.73 
7.99 
9.39 

10.50 
10.18 
10.18 
10.60 
11  .oo 
11.05 
10.89 
10.67 
10.24 
9.41 
8.65 
8.08 
7.39 
6.24 
5.30 
4.45 
3.51 
2.5 1 
1.60 
0.97 
0.55 
0.3 1 

Air Density, 
dcm3 

0.3 1 
0.36 
0.4 1 
0.46 
0.52 
0.58 
0.67 
0.75 
0.86 
0.97 
1.10 
1.23 
1.40 
1.58 
1.78 
2.05 
2.33 
2.68 
3.1 1 
3.56 
4.08 
4.69 
5.50 
6.40 
7.44 
8.68 

10.06 
11 -66 
13.53 
15.62 
18.05 
21.43 
24.95 
29.12 
34.12 
39.99 
47.33 
56.10 
65.17 
77.10 
94.62 

114.3 1 
138.08 
168.88 

Air Temp. 
O C  

-14.6 
-16.8 
-1 8.0 
-1 5.3 
-1 1.2 
- 8.0 
-1 1.5 
- 7.0 
-1 0.6 
- 9.6 
- 7.0 
- 4.5 
- 4.0 
- 4.6 
- 2.3 
- 6.5 
- 6.5 
-10.8 
-1 5.8 
-16.6 
-1 7.5 
-20.0 
-26.0 
-29.0 
-3 1.9 
-3 5.4 
-36.5 
-37.6 
-38.7 
-38.9 
-39.5 
-43.8 
-45.4 
-46.9 
-48.4 
-50.0 
-52.2 
-55.7 
-54.4 
-57.5 
-59.5 
-65.8 
-7 1.2 
-75.0 
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Table 3 
Ozone Column Content (atm-cm) 

Instrument 

ECC sonde 

MAST sonde 
Dasibi 

Rocoz 

Dobson (1 100 MST) 
SenTran (1 100 MST) 

0-2 1.5 km 

0.093 

0.045 

0.06 (est.) 

Above 21.5 km 

0.242 

. . ._. 

Tot a1 

0.284 

0.289 

(unidentified) atmospheric constituent. This is, of course, highly speculative because the absorption 
would have to be comparable (30 percent) to the ozone attenuation per unit height between 25 and 
35 km. 

The ozone overburden for observations from the Stratcom VIII-A ceiling altitude of 40 km can be 
computed from the rocket profile. A value of 0.012 atm-cm with an uncertainty on the order of *7 
percent is obtained. The error is estimated from the errors in the ozone density just above 40 km. 
It should be pointed out that the optical ozone data for heights above 38 km are internally consistent 
and that the usual test for validity of data, namely, close correspondence in the regions of redundant 
data, is completely satisfied. 

Balloon Data 

Data were obtained from the balloon borne photometer throughout the daylight hours of September 
29. Particular attention was given to the analysis of the ascent data in terms of ozone content. The 
reference channel showed three superimposed repetitive patterns: 

(1) A 30-second periodicity, probably due to a rocking motion of the payload about its sus- 
pension point. The design of the photometer readily permitted compensation for these 
changes in apparent solar elevation. 

(2) A periodicity of about 80 seconds, associated with the rotation of the gondola (see the 
magnetometer data in “Main Payload Monitors for Stratcom VIII-A”) and corresponding 
to shadowing of the entrance optics by suspension cables and portions of the adjacent in- 
struments. This is an intensity modulation and can be properly compensated in the data 
reduction. 
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(3) A long period modulation of 700 to 1200 seconds which is probably due to the rotation of 
the parachute-contro1 package relative to the gondola immediately below. This results in 
a change of the spectral content of the light falling on the photometer. Since the spectral 
reflectivity of the upper package is unknown, compensation for the long period modula- 
tion cannot be made. 

The long period modulation continued throughout the float period of the balloon flight, and prevent- 
ed a meaningful data analysis in terms of ozone density distribution or in terms of changes of ozone 
overburden during float. 
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ABSTRACT 

Solar ultraviolet flux measurements were obtained by means of an 1/8 m Fastie- 
Ebert grating spectrometer flown on the Stratcom VIII-A Balloon, September 29, 
1977. Spectra covered the wavelength range from 197.9 to 287.9 nm, at altitudes 
from about 25 to nearly 41 km, and over a wide range of solar zenith angles. 
Good agreement is obtained between the observed spectra and synthetic spectra 
calculated using a two stream radiative transfer model. Ozone densities were de- 
rived from the spectra during the ascent from 32 to 40 km and ozone overburdens 
from the spectra during the day long float. 

INTRODUCTION 

Considerable attention has been focused on the stratosphere over the past few years. This concern 
has been the result of realizing that the ozone layer is fragile and that the depletion of this protecting 
layer would have serious consequences for humanity. These facts are reflected by the number of ex- 
periments in the Stratcom VI11 effort which were concerned with the measurement of ozone directly 
or through measuring the attenuation of the solar radiation by the ozone layer. 

For the study of the stratosphere, the wavelength region of interest is from about 175 to  320 nm. At 
wavelengths shorter than 175 nm solar radiation does not penetrate to the stratosphere due to strong 
absorption by 0 2 .  Above 320 nm, the atmosphere is essentially transparent. The 175- to 320-nm 
region can be divided into three regions of interest determined by the dominant absorption process. 
From 175 to  200 nm, absorption is predominantly via the 0 2  Schumann-Runge bands. Between 
200 and 220 nm absorption results from the weak 0 2  Herzberg continuum, which allows UV radia- 
tion to penetrate to  the lower stratosphere. The 220- to 300-nm region is dominated by the strong 
0 3  absorption. 

Since it was impossible for the flight spectrometer to cover the entire wavelength range of interest, 
the grating drive was set to cover as much of the 200- to 300-nm interval as possible. Although the 
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instrument was on at liftoff, the sensitivity of the instrument was such that no useful data were ob- 
tained below 25 km. Effectively, solar spectra were obtained as a function of altitude and a low solar 
zenith angle (-60") on the ascent portion of the flight and at a constant float altitude (-40 km) as a 
function of solar zenith angle. The data are compared with a theoretical model and are used to ob- 
tain an ozone profile and ozone overburdens. 

INSTRUMENT 

The ultraviolet scanning spectrometer is an 1 /8-m Fastie-Ebert instrument manufactured by Ray 
Lee Instruments. Equipped with a 3600-line/mm holographic ruled grating, it has a measured resolu- 
tion of 1.1 nm. The grating is driven by means of a cam, and scans from about 190 to 290 nm in 
3.6 sec. The dispersed photons are detected with an EMR 5 10F solar blind (CsTe photocathode) 
photomultiplier which has a nominal long wavelength cutoff of 320 nm. Although scattered light in 
the instrument is less than 1 part in 10-4, it was necessary to place an interference filter in front of 
the entrance slit to obtain solar spectra down to about 30 km. This reduces the scattered light at  
250 nm by more than 2 orders of magnitude while reducing the signal by a factor of 10. The ef- 
ficiency at 240 nm (zero solar zenith angle) is 4.5 x 10-8 counts per photon. 

The flight spectrometer was mounted in a hermetically sealed container with a blackened shield above 
the entrance aperture to  block reflections from the balloon overhead. A conical diffuser allowed the 
solar spectra to be obtained from near zenith to about 90". The instrument sensitivity drops rapidly 
as the solar zenith angle increases from 15 to 30". In the Stratcom VI11 flight, the solar zenith angle 
at Iocal noon is about 35". At this angle, the sensitivity of the system is about 20 percent of that for 
an overhead Sun. At sunrise and sunset the efficiency is about 3 percent of maximum. 

The entire system was calibrated using a standard lamp at wavelengths above 250 nm and using a 
double monochromator technique to extend the calibration to below 200 nm. A relative accuracy of 
k5 percent in the calibration was obtained with an additional k 10 percent error in the absolute flux. 
However, the presence of the conical diffuser markedly decreased the accuracy of the measurements 
under flight conditions. It was found that the sensitivity of the instrument varied not only with solar 
zenith angle but with changes in azimuth as well. This can be qualitatively understood by realizing 
that the diffuser would not be uniformly illuminated unless the sun were directly overhead. These 
angular dependencies are probably amplified by the fact that the spectrometer has curved slits. Dur- 
ing the ascent of the balloon, the gondola rotated at a rate of about once-per-minute. During float, 
the gondola continued to rotate but at a much slower rate. Although it was possible to correct for 
the motion of the gondola, it is felt that the absolute accuracy of the solar flux measurements is not 
better than -+50 percent. It is noted that the problems associated with the conical diffuser and the 
motion of the gondola could have been circumvented by extending the wavelength scan to 320 nm. 
At this wavelength the atmosphere is essentially transparent and all spectral scans could have been 
normalized to  the value of the unattenuated solar flux at this wavelength. Mechanical considerations 
would have necessitated replacing the 3600 line/" grating used in this flight with a 2400 line/" 
one; the resulting decrease in resolution (from 1.2 nm to 1.8 nm) would have been barely discernable 
in the data. 
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EXPERIMENTAL RESULTS 

Solar flux measurements as a function of time are presented in Figure 1. Measurements at 200 and 
285 nm were selected for presentation because they are close to the end points of each spectral scan. 
Measurements are also given at 220 nm where radiation penetrates to the base of the stratosphere, 
and at 255 nm where the absorption due to ozone is at a maximum. It is emphasized that the abso- 
lute accuracy of these measurements of solar flux is 550 percent while the relative accuracy is 45 
percent . 

Float altitude was reached at approximately 0830 MST and remained nearly constant at 40 km until 
noon. After 1200, the balloon began a very slow descent, reaching an altitude of 38.2 km at 1648. 
At wavelengths where the attenuation due to 0 2  and 0 3  is small, the solar flux is nearly constant. 
The intensity at 255 nm, however, is strongly influenced by both changes in solar zenith angle and 
small changes in altitude. 

The spectrum near local noon is shown in Figure 2. A theoretical profile is also given in this figure 
for comparison. The solar flux entering the spectrometer, @h(h), is calculated from Beer's law 

00 

@ ~ ( h )  = @h(sun) exp [-E W X )  S "k (h') dh'l 
h 

where @^(sun) is the solar flux above the atmosphere, u& are the absorption cross sections, Ch(X) is 
the Chapman function for the solar zenith angle x, nk are the absorbing species densities, and h is the 
altitude. At 40 km scattering can be neglected compared to the direct solar flux over the wavelength 
range of interest. Solar fluxes are obtained from Broadfoot (Reference l) ,  except below 230 nm 
where they are obtained from Ackerman (Reference 2). Cross sections are obtained from Ackerman 
for O3 and 0 2  except for the Schumann-Runge band interval where the computations of Park (Ref- 
erence 3 )  are used. Ozone and molecular oxygen profiles are obtained from stratospheric modelling 
calculations (Reference 4) appropriate for the latitude and date of the balloon flight. 

In Figure 2, the calculated and measured curves have nearly identical shapes demonstrating that the 
overhead ozone column density calculated by the model is correct. This is a particularly good test of 
the model because at 40 km the ratio of the intensity at 255 nm to that at 220 nm is very sensitive to 
the ozone overburden; a 20 percent change in column density results in a 50 percent change in this 
ratio. That the calculated spectrum is a factor of two above the measured one appears to be a conse- 
quence of not accurately correcting for the orientation of the spectrometer with respect to the Sun. 

During the ascent of the balloon, the gondola was rotating rapidly. Averaging the spectra over 50- 
minute intervals results in an average of the data over all orientations of the spectrometer. Ozone 
densities were determined by using the relation 

N(h) = (OX sec x)-l l n [ I  (h+Ah)/I(h)] 

since it is not necessary to know the absolute magnitude of the solar flux. The ozone density profile 
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Figure 1. Variation of solar flux with time at four selected wavelengths. 
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between 33 and 40 km during ascent is presented in Figure 3. Below 33 km the signal was too small 
to obtain a reliable measurement while above 40 km the change in altitude with time was too slow. 
The dashed line in Figure 3 is the mid-latitude standard ozone profile (US. Standard Atmosphere 
1976). The measurements lie about 7 percent below the standard profile and are consistent with 
most of the other ozone measurements made during the Stratcom VI11 effort. 
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Figure 3. Ozone profile during the balloon ascent. 
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During float, ozone overburdens can be calculated by taking advantage of the fact that the period of 
rotation of the spectrometer is long (tens of minutes) compared to  the 3.6-second scan time of the 
spectrometer. The relative accuracy within each spectrum is thus preserved although the absolute 
error may be large. Ozone overburdens are calculated by taking the ratio of the flux at a wavelength 
where the absorption due to ozone is large (255.0 nm) to the flux where the absorption is small 
(2 13.6 nm). Then, 

R + ~ ( 0 2 )  sec x - In  [1(255.0)/1(213.6)1 
.- . s“ N(h)dh = 

N Ao cos x 
where R is the ratio of the unattenuated solar flux at the two wavelengths, ~ ( 0 2 )  is the optical depth 
due to absorption by 0 2 ,  and Aa (~(255.0)  - ~(213.6) )  is the difference in the 0, absorption cross 
section at these wavelengths. Results are presented in Figure 4. Here the data has been adjusted to a 
constant altitude of 40 km assuming that the change in ozone column density is that given in the U.S. 
Standard Atmosphere 1976. This adjustment is less than 10 percent and introduces negligible error 
into the results. All the data fall within 7 percent of a straight line and it is difficult to  determine 
whether the apparent systematic deviations from a constant overburden are real. 
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ABSTRACT 

A filter wheel UV spectroirradiometer was used to measure solar UV fluxes in 10 
wavelength regions in the 200- to 400-nm region at altitudes up to 40 km on the 
Stratcom VIII-A Balloon, September 29-30, 1978, near Holloman Air Force Base, 
New Mexico. Ozone layer thicknesses were derived from balloon ascent measure- 
ments and an ozone density profile obtained, with a peak density of 5.6 x 1018 
molecules/m3 at an altitude of 24 km. Measurements at the 39- to 40-km float 
altitude before and after local noon gave a solar flux in the 220 +5 nm 0 2  - 0 3  
transmission window of 4.53 x 10-6 W/(cmZ-nm). 

INTRODUCTION 

The ultraviolet spectroirradiometer ( U V S )  flown on the Stratcom VIII-A Balloon payload was ori- 
ginally developed to measure high altitude solar UV fluxes from aircraft as part of the Climatic Im- 
pact Assessment Program (CIAP) (Reference 1). The W S  was previously flown on Stratcom VI-A 
in September 1975 (References 2 and 3), and on VII-A in September 1976 (Reference 4). On both 
of these balloon flights the UVS gave measurements of the solar flux in the 200- to 400-nm region 
at altitudes up to  40 km. Much tabular and graphical data are contained in the referenced reports, 
giving the variation of UV flux with altitude and solar zenith angle. Reference 4 provides more de- 
tail than that given here for the Stratcom VIII-A results. 

Data on the altitude profile of the solar ultraviolet flux are needed for the following studies: 

1. 

2. 

3. 

Photochemical calculations of the reaction rates related to the various stratospheric species 
measured as part of the chemical modeling efforts. 

Verification and development of radiation transport models. 

Determination of ozone overburden as a function of altitude for comparison with similar 
data from other instruments. In addition, the measured variations of the overburden can 
be used to calculate local ozone densities for comparison with in situ measurements. 
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4. Indication of the variability of the ultraviolet solar flux near 220 nm and its relationship to 
the daily sunspot number (Rz), its 27-day average, and/or solar flares. 

INSTRUMENT 

The U V S  is a filter wheel irradiometer. The instrument uses a special UV diffuser to scatter the light 
incident on the diffuser at an angle, Osd, to the diffuser axis. The scattered light passes through one 
of 10 filter sets, located on a rotating wheel, and then into a ruggedized EMR photomultiplier. Add- 
itional positions on the wheel are provided for calibration purposes. A cross-sectional drawing of the 
cylindrical housing is shown in Figure 1, with detection details in Figure 2. For the Stratcom VIII-A 
Balloon flight the UVS had a cone diffuser and quartz shield to allow vertical mounting with no Sun- 
pointing requirement. 

QUARTZ WINDOW 

UV SPECTROI R RADIOMETER / 
\ 

I I I 
I I I 

- _ _  __ - L, 

MOUNTING FLANGE 

Figure 1. Cross-sectional drawing of the cylindrical housing of the UV spectroirradiometer. 
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Figure 2. Detection details of UV spectroirradiometer. 

Light is received from all azimuths and from a zenith angle of 20” to  more than 90” (light scattered 
from the overhead balloon is blocked by a shield).The precise position of the optical axis is deduced 
by use of data from the pendulum and magnetometers (See “Main Payload Monitors for Stratcom 
VIII-A”). The solar zenith angles needed for data analysis are calculated as a function of location 
(radar data) and time. Intensity is measured up to  four orders of magnitude down from the unatten- 
uated solar flux. The 12 positions of the filter wheel are sampled at 1 second each during ascent of 
the balloon and during parachute descent following cut-down, and at 10 seconds each during float. 
The filters are shown in Table 1. In order to  reduce “leakage flux” problems, each filter set is formed 
of two or  more individual filters used in tandem. The calibration is from a 200-W quartz-iodine 
Standard of Spectral Irradiance (traceable to  NBS), converted to solar spectral shape. 

The U V S  was located at the top level of the gondola as were the other solar UV instruments on this 
payload; see Figure 3 which was taken during launch preparations. The UVS, at the extreme left, has 
a black disc large enough to  obscure the balloon itself, but small enough to permit the noon sun to 
enter the instrument. 
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Table 1 
UVS Calibration Sensitivities 

for the Stratcom VIII-A Balloon Flight 

Filter Set 
Average 

Wavelength 

220 

289.3 

291.8 

297.4 

302.0 

306.8 

311.7 

329.7 

37 1.6 

40 1.9 

Filter 
Set 

Bandwidth 
(nm) 

10 

2 

2 

2 

28 

26 

Solar Calibration 
Sensi tivi ty 

A/[W/(cm2 -nm)l 
_ _ ~  ~~ 

5.034 X 10-1 

1.217 X 

7.213 X 

2.253 X 

1.791 X 

7.923 X 

1.144 X 

6.691 X 

3.574 x 10-3 

1.369 X 

R ESU LTS 

The Stratcom VIII-A Balloon was launched at 0607 MST on September 29, 1977; reached its peak 
altitude, near 40 km, at about 0830, and descended slowly, reaching about 30 km near midnight. 

The U V S  provided good solar W flux data from sunrise through sunset (Reference 5) .  Ozone layer 
thicknesses may be derived from these data except near sunrise and sunset. A vertical profile of 
ozone density was obtained from the data during the ascent of the balloon. The 220-nm filter data 
at float altitude gave a good measure of the solar UV flux at this wavelength. From the viewpoint of 
photochemistry the high resolution measurements near 300 nm [dissociation of 0 3  to produce 
O(l D)] and coverage up to 400 nm [dissociation of NO2 to produce O(3P) - see Reference 6)] are 
of principal importance. The application of U V S  measurements to determination of O(l D) photo- 
production in the troposphere (measurements made from an aircraft platform) is discussed in Refer- 
ence 7. 

DATA ANALYSIS PROCEDURE 

The U V S  signals are converted to downward-going flux as described in References 1 ,2 ,  and 3. For 
the Stratcom balloon flights the fluxes are also divided by cos Osun,  €Isun being the solar zenith angle, 
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Figure 3. Stratcom VI1 I-A payload during launch preparation. 

so that the high altitude response is the direct solar flux attenuated only by 0 3  and 0 2 .  The ratios 
of the UV fluxes at several wavelengths are used to calculate the vertical overburden of the ozone 
layer above the balloon altitude. Differences of ozone overburden (Reference 8) calculated for dif- 
ferent altitudes allow the vertical ozone density profile to be obtained. 

At the highest altitudes the 220 nm filter results are used to obtain the unattenuated solar flux at 
(220 *S) nm. This is done by plotting the logarithm of the measured flux against the pressure (at the 
UVS altitude)/cos O s u n ,  which latter is proportional to the attenuation path length. The extrapola- 
tion of the straight line portion (high altitude, small B s u n )  of the data to zero pressure gives the solar 
flux unattenuated by O3 and 0 2 .  

OBSERVATIONS 

The Stratcom VIII-A fluxes derived by the above procedure were placed in tabular form (similar to 
those in References 1,2,3, and 4) for purposes of further analysis. Some of the results are given in 
Figure 4 where the measured UV fluxes at four wavelengths are shown as a function of altitude. The 
solar zenith angle is also decreasing during ascent, so the solar fluxes increase partly because of the 
decreasing slant path through the ozone layer above the balloon. The major influence on the shorter 
wavelengths (292 and 307 nm) is the decrease in ozone attenuation as the balloon rises through the 
stratospheric ozone layer. 
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Figure 4. Measured UVS solar fluxesduring ascent of Stratcom VIII-A. 
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The ozone thickness calculated from the measured UV fluxes have been used to calculate the vertical 
ozone density profile plotted in Figure 5 .  The altitude bars show the altitude limits used for each 
density calculation, the ozone density is an effective average over that altitude range. The density 
values are estimated to be accurate to about + l o  percent. 

The 220-nm solar flux measurements are shown in Figure 6. Here the measurements at float altitude 
are plotted against pressure/cos Bsun on a semilog scale. The straight line fit for pressure/cos Bsun < 
10 mb gives 4.53 x IOm6 W/(cm2-nm), with the ascent-sunrise data and the sunset data both giving 
about the same result. In Table 2, this result is compared with other observations made during the 
last 10 years. Also shown in this table are the solar activity as measured by the Zurich sunspot num- 
ber and 2800 MHz flux measured at Ottawa - both obtained from Reference 9. 

The 220-nm solar flux data in Table 2 shows a positive correlation with sunspot number and with 
2800-MHz flux. The one high point from Ackerman et al. (Reference 11) is slightly anomalous, as 
the shorter wavelength part of their measurement does not show as large a deviation from other mea- 
surements. This strong deviation at 220 nm for the Reference 10 data is especially noticeable in 
comparisons (e.g., Figure 9 in Reference 13). The trend shown in Table 2 suggests an approximate 
doubling of the 220-nm solar flux as the sunspot number rises from 0 to  200, or the 280-MHz flux 
goes from about 70 to 250 [ 10-z2 W/(cm2-Hz)] . This trend is also suggested by the data plots of 
Simon (Reference 13), although he believes that such a conclusion is somewhat ambiguous. Evidence 
for about 50 percent variability near 200 nm during the solar cycle has also been presented by Heath 
and Thekaekara (References 14 and 1 5) .  

Because the data come from several different instruments used by different investigators, cross- 
calibration errors to some extent mask the solar flux variability. Thus the UVS data become quite 
important, as the same instrument is used each time, being calibrated before each measurement. Thus 
far the U V S  data are for low to moderate solar activity. Measurements with the UVS during the 
coming years at high solar activity (sunspot maximum) would thus be extremely valuable for deter- 
mining solar flux variability at 220 nm. 

CONCLUSIONS 

There are now three sets of UVS-measured data on the atmospheric transmission of the UV fluxes at 
the wavelengths in Table 1 (Stratcom VI-A, References 2 and 3 ;  Stratcom VII-A, Reference 4; Strat- 
com VIII-A, Reference 5 ) .  At the time of Stratcom VI-A (1975) only three other vertical profiles of 
W flux had been made in the stratosphere (of which we are aware): Brewer and Wilson (Reference 
16), Simon (Reference lo), and Ackerman et al. (Reference 11). Those measurements emphasized, 
principally, the 200 nm region. It was our opinion that much useful information on the objectives 
listed above could be obtained by more detailed measurements. The W S  results now available pro- 
vide far more coverage in wavelength, altitude, and solar zenith angle than any of the previous work. 
Discussion of the application of these results to some of the objectives has been presented in our re- 
ports (References 1 to  5) .  We note that the UVS is now a proven stratospheric W flux measurement 
instrument. 
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Figure 5. Vertical ozone density profile from UVS data for Stratcom VIII-A ascent. 
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Table 2 
Solar Flux at 220 nm vs. Solar Activity 

Solar Flux 
at 220 nm (k5 nm) 

[W/(cm2 - nm)l 

4.19 X loe6 

3.27 X IOm6 
4.39 x 

4.53 x 
4.91 X 

9.16 X 

5.78 X 
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FILTER PHOTOMETER FOR SOLAR FLUX AND 
UNDERLYING ALBEDO 

Rex Megill 
Center for Atmospheric and Space Sciences 

Utah State University 
Logan, Utah 84322 

Two pairs of photometers were included in the Stratcom VIII-A payload flown from Holloman Air 
Force Base, New Mexico, September 29, 1977. One pair of photometers was mounted in the main 
gondola of Balloon VIII-A, and the other pair was in parachute dropsonde no. 1. These measure- 
ments of direct solar flux and of underlying albedo are to be used in the computation of J-values and 
to determine the usefulness of these simple filter techniques for the determination of ozone over- 
burdens. 

INSTRUMENT 

The four-channel photometers have filters at nominal values of 292.5 nm, 297.5 nm, and 300.0 nm 
for the measurement of the direct solar flux, and values of 300.0 nm, 350.0 nm, 400.0 nm, and 
450.0 nm for the measurement of the underlying albedo. Each has a flat plate diffuser to provide a 
wide field of view. The solar flux photometer points to the zenith; the photometer for underlying 
albedo points in the nadir direction. 

R ESU LTS 

Data are available for the pair of photometers that was mounted on the gondola of the Stratcom 
VIII-A balloon. Since data were not recorded by the dropsonde no. I system, nothing will be avail- 
able from the pair that was on that package. Analysis of the gondola photometer data is underway. 
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ULTRAVIOLET SPECTROMETER FOR SCA’ITERED LIGHT 

ge, scanning b An ultraviolet spectrometer observed scattered light in the 200-nm to 3 10-nm ra 

Kay D. Baker and Larry Jensen 
Center for Atmospheric and Space Sciences 

Utah State University 
Logan, Utah 84322 

- 
tween zenith and horizon. The observations were made on September 29, 1977, from the Stratcom 
VIII-A Balloon near Holloman Air Force Base, New Mexico. 

INSTRUMENT 

The instrument package with its associated Sun sensor is shown in Figure 1. The spectrometer mea- 
sures the light scattered from the atmosphere in the wavelength region from 200 nm to 3 10 nm with 
a resolution of about 0.3 nm. The mirror at the entrance to  the spectrometer scans the sky from 
zenith to horizon and back, at an azimuth fixed with respect to  the payload structure. The Sun sen- 
sor is used to determine the location of the spectrometer’s field of view relative to the Sun. 

R ESU LTS 

The instrument observed the sky throughout the day. For about 2 hours during the float portion of 
the flight, the wavelength range of the spectrometer shifted (inadvertently) to longer wavelengths, 
limited to about 400 nm by the response of the detector, making possible a determination of the 
scattered light component over the entire 200-nm to 400-nm region. Analysis of the data is under- 
way. 
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Figure 1. Spectrometer package for scattered solar ultraviolet radiation. 
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INFRARED SOLAR ABSORPTION MEASUREMENTS 

David G. Murcray, Frank H. Murcray, John J. Kosters, 
Aaron Goldman and W .  John Williams 

Department of Physics 
University of Denver 

Denver, Colorado 80208 

I NTRODUCT ION 

Solar absorption spectra in the 4.9- to 6.2-pm and 6.5- to 8.3-pm regions were measured during sun- 
set from the Stratcom VIII-B Balloon, at an altitude of 39 km, September 28, 1977, near the Hollo- 
man Air Force Base, New Mexico. The wavelength regions were chosen to include useful absorption 
lines related to the oxides of nitrogen. Sunset absorption spectra in these regions should provide al- 
titude profiles of NO, N 2 0 ,  HNO3, O3 , H 2 0 ,  CH4, and possibly on CF2C12, and CIONO;!. 

INSTRUMENT 

The two-channel 1 '/-m Czerny-Turner infrared grating spectrometer with a solar pointing system 
was used. The payload included digital tape recorders as well as a telemetry system for backup re- 
cording of the data at a ground station. 

RESULTS 

The balloon, launched at 1251 MST, ascended at an average rate of approximately 250 m/min and 
arrived at a float altitude near 39 km at 153 1 MST. The balloon remained at this altitude through 
sunset and the flight was terminated an hour later. 

Solar absorption spectra in the 4.9- to 8.2-pm region were obtained continuously during ascent and 
through sunset on the balloon. The spectral resolution of these data should be between 0.1 and 0. I5 
cm-1. Spectral scans were obtained once every 3 minutes during sunset until the tangent path was 
well into the troposphere. The balloon position at this time was 106"55' longitude, 33'12' latitude 
and the solar azimuth was approximately 270". 

The recovery of the Stratcom VIII-B payload was not successful. Therefore, it has been necessary to  
use the PCM telemetry for data reduction. Several minor difficulties with this process have delayed 
the reduction of the spectral data. Preliminary reduction of the sunset data indicate slightly higher 
noise than anticipated but all the spectral data are intact. Emphasis will continue on the sunset data 
and altitude profiles from 20 to 39 km will be calculated for HN03, N20,  CH4, H,O,O3, and prob- 
ably NO2. Due to the noise problem, NO and ClON02 will probably be evaluated as upper limits. 
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INFRARED EMISSION MEASUREMENTS OF NITRIC ACID 
AND OTHER CONSTITUENTS 

David G. Murcray and D. Boyd Barker 
Department of Physics 

University of Denver 
Denver, Colorado 80208 

The Denver University Infrared Spectrometer (DUIRS) was mounted in the right wing pod of the 
U-2 aircraft that underflew Stratcom VIII-A and VIII-B Balloons on September 28 and 29, 1977, 
near Holloman Air Force Base, New Mexico. The spectrometer measured molecular radiation (ther- 
mal emission) from the atmosphere. The objective was to use the data in determining the overburden 
of various constituents (HNO3, CHq, 0 3 ,  N20 ,  CFCl3(F-1 I ) ,  CFzC12 (F-l2), etc.). These calcula- 
tions involve recorded signal strengths, blackbody calibrations and molecular parameters. 

A simultaneous flight of instruments on the Stratcom VIII-B Balloon would provide correlated 
measurements of certain spectral regions. The U-2 and Balloon VIII-B data analysis should make 
possible an improvement in the interpretation of the thermal emission spectral data. 

I N ST R U M E NT AT ION 

The liquid-helium-cooled spectral radiometer is mounted in the right wing pod of the U-2 looking 
at right angles to the flight path and 13 degrees above the horizon with a field of view of 1 " vertical 
and 4" horizontal. Radiation enters through a zinc selenide window, is scanned by a grating spec- 
trometer, and imaged through a beam splitter onto two copper-doped germanium detectors covering 
the 3- to 7-pm and 6- to 14-pm spectral regions. Scans, 42 seconds in length, with a resolution of 
2 cm-1 are taken continuously during each flight with all data recorded on a digital tape recorder for 
subsequent analysis. The U-2 with this instrument underflew the Stratcom VIII-B Balloon on the 
afternoon of September 28, 1977, and the Stratcom VIII-A Balloon on the morning of September 
29. No data were obtained on the September 28 flight, because of a malfunctioning helium vent line 
which depleted the supply of liquid helium about an hour after the U-2 departed from Moffett Field, 
California. 

Significant data were recorded throughout the Stratcom VIII-A flight on September 29. The HNO, 
data are shown in Figure 1 together with data from other flights of this instrument over a wide range 
of latitude. The average column number density of HNO3 measured when the aircraft flew near the 
vicinity of the VIII-A Balloon was 

9.63 molecules/m2 at 18.3 km 
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The more difficult data reduction for CH4, 0 3 ,  and N20  is in progress and will be reported on at a 
later date. 
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Figure 1. HNO, column number density versus latitude. 
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CARBON DIOXIDE RADIANT TEMPERATURE MEASUREMENTS 

Frank H. Murcray and David G. Murcray 
Department of  Physics 

University of  Denver 
Denver, Colorado 80208 

Don Snider 
Atmospheric Sciences Laboratory 
US. Army Electronics Command 

White Sands Missile Range 
New Mexico 88002 

Robert McCla tchey 
Air Force Geophysics Laboratory 

Hanscom Air Force Base 
Massachusetts 01 731 

ABSTRACT 

A pair of infrared radiometers pointing near the horizon were flown to aid in the 
development of suitable algorithms for the interpretation of C02 infrared radiance 
data in the stratosphere. They were included on the Stratcom VIII-B Balloon 
flown September 28, 1977, near Holloman Air Force Base, New Mexico. The ra- 
diances from the 15 pm instrument are compared to those inferred from air tem- 
peratures measured by several rawinsondes flown during the same period. 

INTRODUCTION 

Observations of the spectral distribution of the radiances in the infrared C02 bands have been used 
for a number of years for remote measurements of air temperatures in the troposphere and strato- 
sphere. The observational and inversion techniques are reasonably well established for tropospheric 
altitudes, but become increasingly uncertain above the tropopause. To obtain further insight into 
this problem, a pair of infrared radiometers were included on the Stratcom VIII-B Balloon payload, 
flown September 28, 1977, from Holloman Air Force Base, New Mexico, to  an altitude of 39 km. 
Radiance data from these instruments are compared with the air temperature profiles obtained from 
rawinsondes and rocketsondes. 

To make the interpretation of the data as unambiguous as possible, the spectral regions of the two 
radiometers were chosen to correspond to the “blackest” part of the 4.3-pm and the 15-pm C02 
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bands. Since the horizontal temperature gradients are much smaller than the vertical temperature 
gradients, the radiometers were pointed toward the horizon rather than in the vertical or nadir. Thus 
the radiation entering the radiometers was from a layer that is more nearly uniform in temperature, 
and would require a less complex inversion algorithm to infer an atmospheric temperature profile. 
In its simplest form, the radiance measured by the filter radiometers is related directly to the atmo- 
spheric local thermodynamic equilibrium temperature through the Planck blackbody function. 

Information pertaining to the flight of these radiometers is reported in Reference 1 ; the remainder of 
this chapter is based on that report. 

FLIGHT DATA 

For the Stratcom VIII-B payload, the 4.3 pm radiometer was equipped with a filter centered at 2362 
cm-' with a 16 cm-l bandwidth. The 15 pm radiometer used a 3.5 cm-' filter centered at 682.3 
cm-'. Launch of the instrumentation was at 1257 MST on September 28, 1977 from Holloman Air 
Force Base, New Mexico, and the unit reached its float altitude of 39 km by 1500 MST. Unfortu- 
nately, the payload was destroyed in a free-fall because of a parachute malfunction. Primary data 
recording was to have been by means of an on-board digital magnetic tape recording system, backed 
up by a PCM telemetry system. Since the payload was destroyed, data reduction had to be accom- 
plished using the telemetered data. The 15 pm unit functioned well throughout the flight. The 4.3 
pm unit apparently malfunctioned shortly after launch. Data from the 15 pm unit was recorded 
from about the 400 mb level through float altitude. The high gain data did not come on scale until 
the 300 mb pressure level was reached. Samples of the low gain data are available from the telem- 
etry data; however, since primary interest is on the higher altitude data, reduction of the low gain 
data has been postponed. 

The telemetry data was transmitted in 10-bit PCM format. The data channels were decoded and con- 
verted to analog outputs and fed to a chart recorder for real-time viewing. It was necessary, however, 
to computer-process a tape recording of the original PCM in order to maintain the original 10-bit 
accuracy of the telemetry. Once this was done, radiance values were generated by converting the 10- 
bit words t o  the equivalent voltages and then multiplying the voltages by a factor derived from aver- 
aging the slope dN/dV of the four calibration plots. 

Experience has shown that temperatures measured by rawinsondes attached to payloads of large 
polyethylene balloons are usually in error, with the errors amounting to several degrees. Presumably 
this error is due to the fact that the lower ascent rates and large envelopes of these balloons do not 
provide proper convective flow. 

The Atmospheric Sciences Laboratory at White Sands Missile Range has developed a technique for 
measuring local atmospheric temperatures from large balloon payloads that overcomes most of the 
problems encountered with the conventional rawinsonde. This type of apparatus was flown as part 
of the payload for this flight. However, the data output from this ASL sensor was not entirely 
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compatible with the PCM telemetry, so a considerable amount of effort was required to reconstruct 
the instrument output from the PCM data. In addition, the ASL sensors depend on rotation of the 
gondola to provide a correction for solar input. Since the gondola during this flight was azimuth- 
stabilized, the usefulness of the ASL data is not clear at this time. 

Rawinsonde temperatures for comparison with radiance data were, therefore, obtained from standard 
rawinsonde ascents made in conjunction with the flight. In addition, rawinsonde runs from several 
sites surrounding the Holloman Air Force Base area have been collected. The major advantage of an 
on-board rawinsonde would have been a more exact altitude registration for comparison of the pro- 
files. Since this was not available, the radiance values were plotted as a function of pressure as mea- 
sured by on-board pressure transducers and are shown in Figures l and 2. Blackbody radiance values 
for measured rawinsonde temperatures were plotted on the same scale as a function of pressure. 
These curves are shown in Figures 3 and 4, which represent the radiance inferred from a rawinsonde 
released at 0900 MST from Holloman Air Force Base. Similarly, Figures 5 and 6 show rawinsonde 
data from Holloman Air Force Base at 1300 MST and 2100 MST, and from White Sands Missile 
Range at 1250 MST. Figures 7 and 8 present the 1750 MST significant level rawinsonde data from 
several sites in the southwest. 

DATA ANALYSIS 

In comparing the radiance values at a given pressure, one must keep in mind the sensitivity of the 
15 pm radiance to temperature in the range represented by these plots. At 240 K a temperature 
change of 1 degree represents a change 5.1 pw cm-2 sr-1 pm-l in the 15 pm radiance of a blackbody. 

Comparison of the radiometer data, Figures 1 and 2, with the HAFB rawinsonde released at 0900 
MST, Figures 3 and 4,  shows excellent agreement in the 300-200 mb range. In fact, on the average, 
the agreement is within the 0.1 degree to which the rawinsonde temperatures are given. Although 
there are fine structure differences of several tenths of a degree, it is tempting to cite the good agree- 
ment and consider both sets of data validated. However, through this same altitude region, a WSMR 
rawinsonde launched at 1250 MST shows considerable (1 to 2 degrees) departure from the 0900 MST 
HAFB rawinsonde and, to a lesser extent, from the HAFB rawinsonde launched at 1300 MST less 
than 15 miles away, Figures 5 and 6. On the other hand, a rawinsonde launched at 2100 MST from 
HAFB shows excellent agreement with both the 0900 MST and the radiometric data. 

The data from the three HAFB runs tends to converge in the 200-120 mb region where the temper- 
ature spread is considerably less than 1 degree. The radiometer data lies within the spread of these 
three runs. All the runs show large divergence through the 120-80 mb regions, even discounting the 
large “lump” in the 2 100 MST run. Unfortunately, the radiometer data through this region may 
show the influence of increased atmospheric transmission within the filter bandpass. Some fraction 
of the radiation emitted from higher, warmer layers may be reaching the altitude of the balloon pay- 
load (the radiometer unit was looking up at a 20” angle). By 60 mb the atmospheric path has obvi- 
ously become partially transparent, even for the total remaining path, since the radiance level begins 
to decrease with altitude although the temperature continues to increase. 
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P R E S S U R E  (mbl 

Figure 1. Radiance vs pressure as measured by on-board pressure transducers during 
the September 28, 1977 flight from Holloman AFB, New Mexico. 

P R E S S U R E  Lmb) 

Figure 2. Radiance vs pressure as measured by on-board pressure transducers during 
the September 28, 1977 flight from Holloman AFB, New Mexico. 
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Figure 3. Blackbody radiance values for temperatures measured by Holloman AFB 
rawinsonde vs pressure obtained by on-board pressure transducers. 
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Figure 4. Blackbody radiance values for temperatures measured by Holloman AFB 
rawinsonde vs pressure obtained by on-board pressure transducers. 
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Figure 5 .  Rawinsonde data for September 28,1977, from Holloman AFB and 
White Sands Missile Range. 
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Figure 6. Rawinsonde data for September 28, 1977, from Holloman AFB and 
White Sands Missile Range. 
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Figure 8. Rawinsonde data for September 28,1977, at 1750 MST from various 
sites in the southwest. 
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The temperature structure above the 100 mb region is still calculable, but the calculation becomes 
less precise and changes from a simple operation with a hand calculator to a complex problem requir- 
ing large computer capacity. These computations are to  be performed, but are not completed at this 
time. 

The altitude for which the simple Planck function calculation would be sufficient could be extended 
by working in a wavelength region where the CO2 absorbs more strongly, or  by using a more nearly 
horizontal field-of-view for the instrument. The first of these was intended with the 4.3 pm radiom- 
eter, but was negated by the instrument failure. The second was not practical for this flight because 
the upward look-angle is necessary for the prevention of window frost at the lower altitudes. Future 
flights will include a mechanism for rotating the look-angle towards the horizon at the high altitudes. 

ERROR ANALYSIS 

The random noise level of the radiometer signal was below the least count of the PCM A to D con- 
verter, and therefore, the quantization noise of the PCM encoder (+ 1/1023) dominates the random 
component of the error in the radiometer signal. The pressures for the radiometric data were taken 
from three on-board pressure transducers covering the range from 1000-0 mb. A partial check on 
the validity of the indicated pressures was made by comparing the outputs in the short ranges where 
the transducer useful ranges overlap. Agreement within +1 mb was found. Since the authors are not 
familiar with the accuracy of the standard rawinsonde pressure readings, they have been used exactly 
as reported. 

The accuracy of the radiometric data is primarily a question of the accuracy of the calibration. Er- 
rors in the calibration procedure can be produced by blackbody emissivity too far from unity, errors 
in the measurement of blackbody temperature, and temperature gradients within the blackbody. 
The calibration procedure used was designed to minimize these effects or, at least, to  reveal their 
presence at a significant level. For each calibration run, the blackbody was cooled until the copper 
rod from which it was machined was immersed in liquid nitrogran and the temperature sensor checked 
against the boiling point of liquid nitrogen for the ambient pressure. For the CO2 experiment the 
radiance level at this temperature was too low to  produce a measurable output. With the blackbody 
emission at this low level an appreciable deviation of the source from unit emissivity would be re- 
vealed by a residual signal, due to  reflectance of radiation from the comparatively warm baffles. A 
reflectivity of 0.003 or less would show up under these conditions. 

After the liquid nitrogen evaporates and the cavity begins to warm, voltages are obtained at about 5 K 
intervals over the temperature range, resulting in approximately 40 output voltage vs. radiance points 
per run. Plots of these points exhibit excellent linearity. Typically, the maximum departures of in- 
dividual points from the best straight line do not exceed 2 percent of the reading. The slope of the 
best straight line is computed and used as the calibration coefficient for reduction of the data. The 
calibration coefficient utilized for reduction of the flight data was actually the average of the slopes 
of four runs, none of which deviated from the mean by more than + O S  percent. 
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The linearity of the output with radiance over a signal range approaching three orders of magnitude 
provides good evidence as to the lack of gradient effects on temperature measurement errors, since 
neither of these is likely to remain constant over the wide temperature range of the calibration. In 
short, the systematic error in the radiance measurements should not be as large as 1 percent. 

SUMMARY AND CONCLUSIONS 

The radiometer data agree (to better than 0.5 K) over fairly extensive altitude ranges with each of 
three rawinsondes launched from Holloman Air Force Base at 0900, 1300 and 2 100 MST. However, 
the agreement with each one does not hold throughout the 300-120 mb range. 

Since the major possible source of error in the radiometric data is in the calibration constant, one 
would expect consistent differences with the rawinsonde runs. The agreement with portions of the 
various rawinsondes, particularly where two or more agree strongly, suggests that the radiometric 
data is valid throughout the 300-120 mb, but that an individual rawinsonde sounding may be in error 
by as much as 2 K or more for portions or all of the ascent. 
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ABSTRACr 

Pyranometers were used to  measure solar shortwave and terrestrial infrared irradi- 
ance from the Stratcom VIII-A Balloon, and to measure solar shortwave irradiance 
from ground level. These data are needed for study of the transformation of radi- 
ative energy within the Earth’s atmosphere as a function of other atmospheric 
parameters. The data were taken in the vicinity of the Holloman Air Force Base, 
New Mexico, on September 29-30, 1977. 

I NTRODUCT ION 

The ultimate objective of this experiment is to measure the amount of radiative energy transformed 
within the Earth’s atmosphere’s heat budget as a function of other atmospheric parameters such as 
0 3 ,  H 2 0 ,  C02 ,  and air density. A secondary objective is to simultaneously determine Earth albedo 
at balloon altitudes and near the Earth’s surface. By measuring the impinging solar shortwave irradi- 
ance, the corresponding shortwave irradiance reflected by the Earth and atmosphere, and the long- 
wave infrared irradiance escaping towards space on two successive cloudless days, the above objectives 
may be accomplished. Although two complete sets of irradiance data satisfying all the aforemen- 
tioned requirements have not yet been obtained, progress toward that goal has been made and is the 
subject of this report. 

METHOD 

To determine the Earth’s atmosphere’s heat budget, two 0.28- to  2.8-pm pyranometers and one 4- 
to 50-pm Epply pyranometer were included in the Stratcom VIII-A payloads. Two additional short- 
wave pyranometers were operated at ground level. The experimental arrangement of the five 
pyranometers is depicted in Figure 1 in juxtaposition with a mean annual heat budget for the whole 
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Figure 1. Arrangement of the pyranometers with estimates of the corresponding components of the mean annual 

heat budget (Wm-2 1. 

Earth as depicted by G. D. Robinson (Reference 1). Pyranometer 1 was mounted on the balloon’s 
top plate and used to measure incoming solar flux while pyranometers 2 and 5 were located on the 
main instrumentation platform facing downward. Sensors 2 and 5, respectively, measured the total 
shortwave irradiance escaping into space and the total outgoing longwave irradiance. Pyranometers 
3 and 4 were unobstructively located 1.52 m above the desert floor and used to measure the short- 
wave irradiance impinging on the ground and the amount of ground reflected radiation. As is illus- 
trated in Figure 1, this arrangement of pyranometers will provide a measurement of those energy 
magnitudes entered in Robinson’s diagram. For example, the radiation energy difference recorded 
with pyranometers 1 and 3 provide a measure of the amount of incoming radiation attenuated by 
the intervening atmosphere, while pyranometers 2 and 4 yield the same information about outgoing 
shortwave energy. These energy differences may be examined for quantitative dependence on atmo- 
spheric density, H20, C02, and 0 3 ,  provided the sky is devoid of clouds. Consequently, a Nikon 
camera, also illustrated in Figure 1, was attached to the main payload facing downward in order to 
detect the presence of clouds and photograph the terrain’s reflective features. The combinations of 
pyranometers 1-2 and 3-4 should yield a measure of the Earth’s albedo at balloon altitudes and at 
ground level. 
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INSTRUMENTATION 

The shortwave radiometers are Epply Precision Spectral Pyranometers (Epply Laboratory, Inc., 12 
Sheffield Ave., Newport RT), Model PSP, each with two concentric dome light filters which provide 
a 180" field of view and a wavelength transparency of 0.28 to 2.8 pm. The actual sensor comprises 
a circular multifunction thermopile with a sensitivity in the order of 11 p / ( W  m-2) and a 1-second 
time response. The expected performance accuracy of 8.5 percent for the zenith viewing PSP pyran- 
ometer is based on manufacturer specifications, payload calibration, and accounts for solar zenith 
angle variations caused by Top Package (balloon) wobble during the flight. The nadir viewing PSP 
instrument performance accuracy was calculated to  be 2.5 percent. An Epply Precision Infrared Ra- 
diometer (Pyrgeometer) with a 180" field of view and a wavelength transparency of 4 to 50 pm was 
the longwave radiation sensor. This pyranometer also has a thermopile detector, but its sensitivity is 
approximately 7.2 pV/(W m-2) and its time response is 2 seconds. An overall expected performance 
accuracy of 3 percent was computed for this instrument and its associatzd electronics. The camera 
is a Nikon, model F2AS, with a DS-1 automatic aperture control. The lens was a Nikor 16-mm full 
frame fisheye providing a 170" viewing angle. Photographs were synchronized for exposure to  occur 
at the beginning of each pyranometer data sample and was keyed to  the telemetry clock such that 
the time between exposures was about 5 minutes. 

ANALYSIS 

Incoming shortwave radiation data at balloon altitudes was obtained for a period of approximately 
3-1/2 hours on the morning of September 29, 1977, from the pyranometer on the Top Package on 
the apex of the balloon. These data, plotted in Figure 2, show that irradiance magnitudes varied 
from 35.0 W m-2 at 0615 to  983 W m-2 at 0950 MST. After 0950, the telemetry signal from the 
balloon's Top Package transmitter diminished and no additional data were collected. The nadir view- 
ing infrared pyranometer, mounted on the balloon's main gondola, provided considerably more data. 
Upwelling longwave irradiance values were recorded from 06 15 MST, September 28, to  0530 MST, 
September 29. These values are shown in Figure 2 and on an expanded power density ordinate scale 
in Figure 3.  Also included in Figure 3 is a plot of absolute temperatures at balloon altitudes as a 
function of time. Examination of the infrared irradiance and temperature plots in Figure 3 ,  reveals 
that this pyranometer sensed primarily the radiation of the atmosphere in the proximity of the radi- 
ometer. Longwave irradiance values recorded ranged from 1 18 to 237 W m-2. Upwelling shortwave 
irradiance data at balloon altitudes was not acquired because of a payload malfunction throughout 
the flight. 

Nadir viewing photographs, which are not included here, displayed a general absence of clouds 
throughout the flight except for a very few tenuous cirrus that occurred on the morning of Septem- 
ber 29. The terrain features varied from forested terrain when above the Sacramento Mountains to 
desert-type terrain when above the basin regions. 
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Figure 2. Irradiance data from the four pyranometers. Also shown is the altitude of the two 
balloon-borne pyranometers. 
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Figure 3. Data from the nadir-pointed pyranometer on the VIII-A Balloon. Also shown are the altitude 
of the balloon and the air temperature in the vicinity of the gondola. 
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Surface measurements of both the incoming and the Earth-reflected irradiances were successfully 
obtained for all daylight hours during which the balloon was aloft. Plots of these surface measure- 
ments are also given in Figure 2. The maximum shortwave irradiance impinging upon the Earth was 
found to be 858 W m-2 while the magnitude of the maximum reflected irradiance was 223 W m-2. 
These magnitudes yield an Earth surface albedo of 0.26 for desert-type terrain. Figure 2 illustrates 
the shortwave radiation absorbed and reflected by the atmosphere between the balloon altitude and 
the Earth’s surface. For instance, a t  0900 MST and an approximate solar zenith angle of 5 5 ” ,  about 
265 W m-2 were absorbed within the intervening atmosphere. The lack of upwelling shortwave irra- 
diance data precluded calculating Earth’s albedo at balloon altitudes and construction of an Earth- 
atmosphere heat distribution diagram for September 29, 1977 in a fashion similar to  Figure 1. 
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A Nikon camera was included in the main payload of the Stratcom VIII-A Balloon launched from 
Holloman Air Force Base, New Mexico, on September 29, 1977. The camera was used to aid in the 
interpretation of data from the nadir-viewing pyranometers, by detecting the presence of clouds and 
photographing the terrain's reflective features and to confirm the orientation as indicated by the 
magnetometers. 

INSTRUMENT 

The instrument was a Nikon Model F2AS camera with DS-1 automatic aperture control and a motor- 
driven film transport MD-11, set at M-1. The lens was a Nikor 16-mm full-frame fisheye, 170" view- 
ing angle pointed at nadir, with speed set 1/125 second. The film used was Kodak Ektachrome 
MS-64,250-frame pack, with a frame size of 35 mm square. Exposures were made every 6 minutes 
and were synchronized with the telemetry sampling of the pyranometers. 

An insulated package was designed to house the Nikon camera. The package was insulated with 1 
inch of Styrofoam and heated to maintain a minimum temperature of 0°C. The package was design- 
ed to allow easy installation of the camera at the launch site. A four-bar linkage and a 12-bolt, 1-  
rpm gear motor were used to position a protective cover over the lens prior to impact. The package 
configuration and the protective system are shown in Figure 1. 

RESULTS 

Nadir-viewing photographs displayed a general absence of clouds throughout the flight except for a 
very few tenuous cirrus clouds that occurred on the morning of September 29. The terrain features 
varied from the forested areas of the Sacramento Mountains to desert terrain of the basin regions. 
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ABSTRACT 

A blunt probe experiment for measuring electrical conductivity was flown with 
the Stratcom VIII-A instrument package on September 29-30, 1977. Data were 
obtained by the instrument throughout the entire measurement period (approxi- 
mately 23 hours). An analysis of the data indicates an enhancement in conduc- 
tivity associated with the krypton discharge ionization lamp (123.6 nm), 
particularly in negative conductivity. The conductivity values and their altitude 
dependence are consistent with previous balloon and rocket results. 

I NTRODUCT I ON 

A blunt probe, a Gerdien condenser, and a krypton lamp were a part of the instrumentation suspend- 
ed from the Stratcom VIII-A Balloon flown from Holloman Air Force Base, New Mexico, September 
29-30, 1977. The purpose of this experiment was to study electrical conductivity in the atmosphere 
in an unperturbed condition and as modified by the ionizing radiations of the krypton lamp. A simi- 
lar experiment was also flown on a parachute drop from the VIII-A gondola. The dropsonde results 
are discussed separately (see Hale and Croskey, “Electrical Structure and Ionizable Constituent Mea- 
surements”). In addition, a rocket-launched, parachute-borne blunt probe experiment for measuring 
electrical conductivity was conducted from nearby White Sands Missile Range, New Mexico, during 
the balloon flight. 
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INSTRUMENTATION 

The balloon electrical conductivity experiments included a blunt probe and a Gerdien condenser 
mounted parallel to  each other with their collectors directed vertically downward. The collection 
voltage waveform was common to both instruments. Positioned between the two instruments was a 
krypton discharge ionization lamp (123.6 nm) which was cycled on and off such that the probes 
could measure the enhancements in conductivity associated with the lamp’s radiation. 

The blunt probe is a two-electrode instrument for measuring the polar electrical conductivity of the 
atmosphere (References 1 , 2, and 3). Under suitable flow conditions, the Gerdien condenser mea- 
sures ion mobility and charge number density as well as electrical conductivity (References 4, 5, and 
6). When flown with other experiments as on this balloon system, it is desirable to place the probes 
as far as possible from the rest of the package to  reduce possible effects other instruments might 
have on the collection of charged particles. For the Stratcom VIII-A gondola, the instruments were 
extended horizontally on an arm approximately one meter from the main instrument package. Pic- 
tures of the probe configuration are given in Figures 1 and 2. 

Figure 1. Stratcom VIII-A overall payload showing the location of the electrical 
conductivity instruments on the boom a t  the left. 
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Figure 2. A close-up view of the Gerdien condenser (left), krypton lamp (center) and 
blunt probe (right) during preparation for flight. 

R ESU LTS 

Balloon Experiment-Ionization Lamp Off 

Ten-minute, time-averaged values of electrical conductivity obtained with the krypton discharge 
lamp off are shown versus local time in Figure 3. The plus and minus signs represent positive and 
negative conductivity values, respectively, and the dots represent time intervals during which no dis- 
tinct differences were observed between the positive and negative conductivity measurements. The 
upper curve in the figure shows the balloon’s altitude as a function of local time. 

The conductivity values measured on this balloon flight are in good agreement with previous balloon 
(References 7 and 8) and rocket (Reference 9) flights. In general, the differences observed between 
the positive and negative conductivity values for the same altitude are relatively small, and are 
thought to  be associated with differences in the respective ion mobility values. 
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Figure 3. Time-averaged electrical conductivity values (lamp off) (1 siemens (S) = 1 mho). 

A noticeable altitude dependence for electrical conductivity was observed during the complete 
measurement period of the flight. The altitude dependence in this region typically is inversely pro- 
portional to  that for neutral number density (Reference IO) .  This is better demonstrated in Figure 4 
where electrical conductivity values for the descent phase of the flight (1 200 MST on September 29 
to 0400 MST on September 30) are plotted for the balloon's altitude. The notation for the conduc- 
tivity values in this figure is consistent with Figure 3. 

Balloon Experiment-Ionization Lamp On 

As discussed previously, a krypton discharge lamp was used as an ionization source with the blunt 
probe during designated periods of the flight. The enhanced positive and negative conductivity values 
(averaged over 10-minute intervals) are represented by the x's in Figures 5 and 6, respectively. In 
addition, the plus signs in Figure 5 and the minus signs in Figure 6 represent the respective positive 
and negative conductivity values for the lamp off as shown in Figure 3. 

The enhanced positive conductivity values are typically a factor of 1.5 to  2.0 larger than the respec- 
tive conductivity values measured with the lamp off. In contrast, the Gerdien condenser dropsonde 
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Figure 6. lime-averaged negative electrical conductivity values. 

(with an ionization lamp) measured considerably larger positive conductivity enhancements during 
its relatively faster descent (see Hale and Croskey, “Electrical Structure and Ionizable Constituent 
Measurements”). The smaller positive conductivity enhancements measured by the balloon instm- 
ment would indicate a flow dependence for the collection of positive ions associated with the lamp. 

Excluding the initial ascent, the enhancements in the blunt probe negative conductivity measure- 
ments for the lamp on are at least an order of magnitude larger than the respective values with the 
lamp off. This would suggest that the negatively charged species associated with the krypton lamp 
are generally more mobile than the positive ions. 

Rocket Experiment 

The electrical conductivity measurements from the rocket-launched, parachlite-borne blunt probe 
experiment conducted at White Sands Missile Range, New Mexico, are shown in Figure 7.  The plus 
and minus signs represent measured positive and negative conductivity values, respectively, while the 
dots indicate altitudes at which the two conductivity values are comparable. The launch time for this 
experiment (1 345 MST) corresponds to when the VIII-A Balloon was at an altitude of approximately 
38 km. 
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Above 45 km, the negative conductivity values are larger than the corresponding positive conductiv- 
ity values, resulting from the generally larger ion mobility values for the negatively charged species. 
Below 40 km, which corresponds to the measurement region for the balloon instrument, the positive 
and negative conductivity values for the same altitude are comparable. The generally good agreement 
between the rocket measurements and the corresponding balloon data (see Figure 4) demonstrates 
the measure consistency between the two experimental techniques. 

CONCLUSIONS 

A preliminary analysis of the blunt probe electrical conductivity data indicates that the balloon in- 
strument operated successfully throughout the entire measurement period of the flight. Positive and 
negative conductivity measurements for the same altitude and with the lamp off are generally com- 
parable, and are observed to be in good agreement with corresponding rocket data. Enhancements in 
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both positive and negative conductivity were observed during the times when the krypton discharge 
lamp was operating. The relatively smaller positive conductivity enhancements would indicate a flow 
dependence for the collection of positive ions associated with the ionization lamp. 
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ABSTRACT 

To study the conductivities in the stratosphere, a sonde containing a Gerdien con- 
denser with a krypton lamp was dropped from the Stratcom VIII-A Balloon on 
September 29, 1977, near Holloman Air Force Base, New Mexico. In situ strato- 
spheric ions showed typical characteristics. The krypton lamp created large num- 
bers of additional ions of remarkably high mobility with a product of number 
density and ionization cross section of the ionizable constituent(s) (Nu) greater 
than cm-l . 

I NTROD UCT ION 

For the study of conductivities, dropsonde no. 2, carrying a Gerdian condenser with a krypton lamp, 
was released from the Stratcom VIII-A Balloon on September 29, 1977. The objectives were: the de- 
termination of NO densities from the change in positive electrical conductivity produced by the lamp; 
measurements of an additional enhancement in negative conductivity produced by photodetachment of 
electrons from aerosol particles; and species differentiation from an analysis of charged particle mobilities. 
Related instruments were included on the gondola of the VIII-A Balloon and on two rockets (see Mitchell 
et  al.,"Electrical Conductivity Measurements from Stratcom VIII" of this document). 

The accuracy of the NO determination by this method has not yet been thoroughly evaluated, and 
the Stratcom-VI11 flight was to allow comparison with the more generally accepted chemilumines- 
cent technique. The potential of the photo-ionization technique is seen as a relatively simple means 
for determining variability over a wide altitude range. 

I NST R UM E NTAT ION 

The parachute-bome dropsonde included a Gerdien condenser for measuring the electrical properties 
of the atmosphere including polar conductivities, ion mobility, and number densities. The drop- 
sonde, 61 cm long, 30 cm in diameter, and 4.5 kg in weight, also included a lamp with a MgF2 
window to ionize low ionization-potential species such as NO and to produce electrons by photo- 
detachment from aerosols. The total lamp output was about 4 x 1013 photons/second in a 38" beam 
(see Reference 1) .  
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The sonde was dropped from the Stratcom VIII-A Balloon at 0832 MST on September 29 from an 
altitude of 39 km. The observed conductivities are shown in Figure 1 , both with and without the 
lamp on. The conductivities in the stratosphere are similar to those observed previously with rocket 
deployed payloads, but, of course, do not show the unusual variability observed above 42 km be- 
tween 18 January 1976 (an “anomalous” winter day) and January 23, 1976 (a “normal” winter day), 
at Wallops Flight Center. The stratospheric in situ conductivities show the normal exponential alti- 
tude dependence. The enhancement produced by the lamp in the positive conductivities below 40 
km is quite large, much greater than expected. (The negative lamp-on data are very much more dif- 
ficult to analyze because of the creation of large numbers of free electrons by the lamp and are not 
included here .) 

Figure 1. Conductivity [l  siemens (SI = 1 mho1 as a function of altitude with and without ultraviolet 
irradiation from the kryptone lamp. 
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Wind tunnel tests of this type of instrument conducted at the von Karman Institute for Fluid Dy- 
namics showed a positive conductivity increase due to NO and not to other tunnel air constituents 
or photoelectron effects. The dropsonde data indicate that the product of ionizable constituent 
density and ionization cross section is on the order of 2 x cm-l. If interpreted as NO density, 
this yields lo9 ~ m - ~ ,  which is probably too high. From this (and the mobility data, see below) we 
conclude that large quantities of a low ionization potential constituent exist in the stratosphere that 
do not occur in (fairly dirty) tropospheric air. This constituent is unknown, but tentative possibilities 
are addressed below. 

The data on the in situ ions are not remarkable (see Figures 2 ,3 ,  and 4), except perhaps that the 
principal negative and positive ions seem to have precisely the same mobility over the entire strato- 
sphere. A narrow layer of higher mobility positive and negative ions appears below 2 0  km. An ana- 
lysis of the number densities and mobilities of ions created by the lamp shows that the ions created 
by the lamp are of very much higher mobility than the in situ ions. Apparently, three groups are 
formed, all with mobilities at least one order of magnitude greater than the in situ ions and approxi- 
mately in the ratio of 2/3: 1 :3/2. The mobilities are so high that we are forced to consider the fol- 
lowing possibilities: 

MOB1 LlTY (cm'holt-sec) 

Figure 2. Mobility of positive ions present with the lamp on. 
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Figure 3. Mobility of ions observed from the Stratcom-VIII dropsonde compared to earlier observations. 
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1. The particles are effectively much smaller than ordinary molecules. 

2. They are multiply charged. 

Alternative (1) requires the presence of three groups of positive particles with mobilities greater than 
protons and hence, not ordinary chemical constituents. 

Alternative (2) requires that many electronic charge units be emitted in a single photon interaction, 
which isperhaps possible with a tenuous particulate which is demolished by the interaction, leaving 
a multiply charged nucleus. 

Alternative (2) is consistent with the existence in the stratosphere of a very much higher density of 
small (less than 10 nm) particles than is generally recognized (Reference 2), which dominate ioniza- 
tion processes above 40 km, where hard ultraviolet radiation penetrates. The UV krypton lamp ex- 
tends this response to  lower altitudes, and is similar to the “sunrise” response observed above 40 km 
(Reference 3). 
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D-REGION ELECTRON DENSITY MEASUREMENTS 
BY PARTIAL REFLECTION SOUNDER 

Robert 0. Olsen 
A tmosph eric Scien ces La bora tory 
U. S. Army Electronics Command 

White Sands Missile Range 
New Mexico 88002 

D. L. Mott and Billy G. Gammill 
Physical Science Laboratory 
New Mexico State University 

Las Cruces, New Mexico 88001 

ABSTRACT 

Measurements of electron density in the lower ionosphere were made at White 
Sands Missile Range throughout the Stratcom VIII-A launch day, September 
29, 1977, using a partial-reflection sounder. In addition, information regard- 
ing the sounder’s antenna pattern was gained from the passage of the balloon 
over the array. 

INTRODUCTION 

The Atmospheric Sciences Laboratory (ASL), White Sands Missile Range (WSMR), currently oper- 
ates a partial-reflection sounder at the Range. The sounder provides measurements of free-electron 
density in the D-region of the ionosphere (below 100 km). Measurements were made throughout 
the day on September 29, 1977, the launch day for Stratcom VIII-A, and results are included 
herein. 

APPARATUS 

The ASL sounder is a monostatic radar operating at 2.24 MHz with a pulse width of 20 psec and a 
pulse repetition rate of 17 per second. Pulses are transmitted vertically, and the received echoes, 
partially reflected from the lower ionosphere, are digitally recorded. Reflections from altitudes be- 
tween 56 and 114 km are recorded at 2-km increments. The antenna array, used for both trans- 
mitting and receiving, consists of five pairs of crossed dipoles, strung between wooden poles. Four 
of the pairs are located at the corners of a square area of dimension 134-m per side, and the fifth 
pair is located at the center of the square. 
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Pulses are transmitted and received in circular polarization, alternating between left and right hand 
polarization. This provides signals in the ordinary and extraordinary modes - terms that are associ- 
ated with differing indices of refraction in the ionosphere. As is well known (see, for example, Ref- 
erence l ) ,  the ratio of echo amplitudes for the two modes provides a determination of electron 
density as a function of altitude. 
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ANALYSIS 

In our data-processing procedure, the amplitude ratio is used only to  provide a system-calibration 
constant. This constant, along with corrections for the echo altitude and for signal attenuation be- 
low the altitude of interest, is then used to transform the ordinary-mode echo profile into an 
electron-density profile. Details of the data-processing procedure will be published at a later date. 

Fourteen runs were recorded on September 29. Within each run, data were collected for approxi- 
mately 10 minutes. Figures 1, 2, and 3 show results for three of the runs. The starting time of the 
run is noted in each figure. The average density over the run plotted in terms of altitude in kilometers 
(relative to  the radar which is at 1.25 km above sea level) and electron density in free-electrons per 
cubic centimeter. 

Figure 1. Electron density from the partial reflection sounder - 0745 MST. 
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Figure 2. Electron density from the partial reflection sounder - 1153 MST. 

Figure 3. Electron density from the partial reflection sounder - 1451 MST. 
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BALLOON TRANSIT 

During the day of September 29, the balloon passed over the partial-reflection sounder site, provid- 
ing a unique opportunity for checking our antenna pattern. An observable reflection from the bal- 
loon was noted on the radar's A scope from shortly before 1000 MST until shortly after 1400 MST. 
From balloon position data, it was found that during this period the sub-balloon point moved from 
approximately 30 km southeast of the sounder site to approximately 30 km northwest, with the 
balloon altitude approximately 40 km throughout. (Sounder coordinates are 32"39'N, 106'21'W.) 
These data verify the symmetry of our antenna pattern and indicate that the main, vertical lobe of 
the antenna array has a cone half-angle of approximately 37'. A theoretical calculation of the an- 
tenna pattern places the null-limit of the main lobe at 34" which agrees favorably with the observa- 
tion. According to the calculation, the half-power point on the main lobe would occur at a cone 
half-angle of approximately 15'. 
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STRATOSPHERIC AEROSOLS COLLECTED 
BY U-2 AIRCRAFT 
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M o  f f e t t  Field, California 94035 
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ABSTRACT 

Stratospheric aerosols were collected by a U-2 aircraft at 18- and 21-km altitude 
beneath the flight tracks of two Stratcom VI11 balloons, September 29 (GMT), 
1977. Particle size distributions, corrected for small particle sampling bias, show 
bimodal features suggestive of mixtures of young, growing aerosols with mature 
ones. Heretofore, our studies had indicated the growth of small particles was 
most prominent in the equatorial zone. Improved techniques used for this study 
now suggest that aerosol growth occurs at other latitudes as well. 

I NT RODUCT ION 

In a recent study (Reference l ) ,  we found considerably more smaller particles in the tropical strato- 
sphere than elsewhere, suggesting that young, growing aerosols were being formed mainly in that re- 
gion. On the other hand, Lazrus and Gandrud (Reference 2) had suggested that stratospheric aerosol 
growth might also occur elsewhere, such as on the anticyclonic side of jet streams. Heretofore, the 
analytical methods we used to determine particle size distributions from stratospheric collections 
prevented us from accurately assessing the small particle portions. Thus, unless there was an excep- 
tionally large population of small particles, as we found in the tropics, we could easily miss them. 
Now, with improved methods, we are able to examine particles with radii as small as 0.03 pm, while 
also correcting for sampling bias inherent in our collection system. 

This paper presents the results, using these improved methods, obtained by analyzing collections 
made with a U-2 aircraft near Holloman Air Force Base, New Mexico, while underflying the Strat- 
com VI11 Balloon systems. 
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I N ST R U M E NT AT I 0 N 

Aircraft collections of aerosol particles for size analysis from the upper troposphere and lower stra- 
tosphere are made with instruments (Figure 1) developed at Ames Research Center (References 3 
and 4). In this approach, particles are collected by direct impaction on very thin carbon-coated 
palladium wires (0.075 mm diameter) deployed directly into the airstream below the wing and be- 
yond the boundary layer. The collecting wires are inserted into the airstream, then returned to a 
vacuum-sealable flight module processed before and after flight under clean-room conditions. The 
carbon coating is used on the wires to prevent fluid particles from spreading out thinly on the sur- 
face and complicating the analyses. 

Particles are collected at various altitudes from 12 to 2 1 km, with most collections obtained at 12, 
15, and 18 km on each flight. Collection times of 1 to 3 minutes at each altitude are used to obtain 
adequate samples for determining particle size distributions. 

s *  c 
t 

Figure 1. Aerosol collector installed on the U-2 aircraft wing with sampling arm 
extended (collecting wires are suspended across the circular ring on the arm). 
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ANALYSIS 

A scanning electron microscope (SEM) is used to eximine the wire surfaces at magnifications of 
10,OOOX. Consecutive pictures are taken along the stagnation line at  this magnification to provide 
analysts with images of about 100 to 200 particles on which particle radii measurements can be made. 
The collecting wire is then rotated so that the vertical profile of representative particles can be imaged 
in the SEM and photographed. This enables an average shape to be defined and a vertical height de- 
duced. Usually the particles are fluid mixtures of crystals and liquid that form into flattened spheri- 
cal segments on the collecting surfaces. Hence the volume of each collected particle can be calculated 
from the diameter, shape, and average vertical dimension. These volumes are then equated to equi- 
valent spheres to provide the size distributions presented in this report. 

L I M ITAT IONS 

As in all aerosol collection experiments, the accuracy of each size distribution is affected by factors 
such as configuration of the sampling instrument, analytical procedures, and characteristics of the 
aerosol material. On our sampling instrument, the thin-wire collecting surfaces are contained in a 
2.5-cm-diameter ring that is held in a circular holder affixed to an arm extending 4 cm beyond the 
integral module cover, and 5 cm beyond the wing pylon. When this array is in the sampling position 
shown in Figure 1, the sampling wires are well beyond the aerodynamic boundary layers of the in- 
strument pylon, the wing, and the affixed module cover. Only the very central positions on the 
collecting wires are analyzed to avoid any possible effect due to the ring and supporting holder. 
Mathematical examination of the collecting efficiency of the wire (Reference 5), which is represented 
as a long cylinder, yields efficiency curves that show that very small particles are collected with an 
efficiency less than 100 percent. Table 1 shows the corrections that must be applied in various parti- 
cle sizes to  provide properly adjusted size distributions. Because of the extremely complex proce- 
dures required to thoroughly evaluate the aerodynamics of the U-2 aircraft wing, the instrument 
pylon, module cover, extended arm, ring support and collecting wires in a wind tunnel (including the 
generation and measurement of test aerosols of known size distributions), we have not evaluated col- 
lecting efficiency beyond assessments of the wire efficiency noted above. 

In our analytical procedures, we use magnifications of 10,OOOX to determine the radii of all collected 
particles, and to evaluate their vertical height and shape. We find that particles with equivalent spher- 
ical radii > 0.03 pm can be easily detected and measured on our collection surface at these magnifi- 
cations. Particles smaller than this are, however, difficult to resolve from imperfections in the wire 
surface. Hence, unless the particle is positively identifiable, it is not counted. This results in a rapid 
decrease in the number of particles counted in the extremely small size range. Therefore, for this 
study we limited our analyses to an assessment of particle sizes > 0.03 pm equivalent sphere radius. 

Another analytical procedure which somewhat affects the shapes and absolute values of the size dis- 
tributions presented in this paper is the method whereby we obtain smooth distribution curves. 
Usually the plotted data points are quite scattered due to the relatively small sample sizes. Typically, 
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Table 1 
Collection Efficiency Inertial Impaction 

on 0.075" Wires 

0.1 

0.095 

0.090 

0.085 

0.080 
0.075 

0.070 

0.06 5 
0.060 
0.055 

0.050 
0.045 

0.040 

0.035 I 0.030 
- 

~ 

Fractional Collection 
Efficiency 

at 1 8 k m  

1.000 

1.000 

1.000 

0.999 
0.990 

0.980 
0.967 

0.952 

0.934 
0.91 1 

0.882 

0.854 
0.81 8 

0.775 

0.721 

at 21 km 

1.000 

1.000 

1 .ooo 
1.000 

1 .ooo 
1 .ooo 
1 .ooo 
1.000 
1.000 

1.000 
0.987 
0.970 

0.947 

0.914 
0.870 

each data point represents from 1 to 25 particles in each size range. We obtain a smooth curve by 
drawing an eyeball-fitted line through the scattered data points for each distribution. Thus small 
differences between size distribution curves should not be given great significance. 

Finally, we consider the influence of aerosol composition on the accuracy of the reported distribu- 
tions. Upper atmosphere aerosols are generally fluid mixtures of liquid and crystals (Reference 6). 
Portions of the particles are both volatile and hygroscopic; these particles have been observed in the 
laboratory to grow in size by absorbing moisture, and decrease in size when heated in the electron 
beam of the SEM under vacuum. Thus the dimensions measured in the microscope are, to some ex- 
tent, the consequences of how the particles reacted to the various environments. We have conducted 
several experiments which indicate that size changes of larger particles are probably not drastic, and 
the resulting size distributions are reasonable estimates of the real sizes in the atmosphere. 
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These special experiments were conducted on balloons and after U-2 flights, where the collections 
were either maintained at stratospheric conditions or protected from laboratory moisture in sealed 
modules (Reference 6). The technique we used involved depositing a thin film of gold obliquely on 
the collecting surfaces in the sealed containers so that a void in the deposited gold was formed be- 
hind each particle. Such a void outlined the particle's shape and size. Analysis later in the SEM 
showed that little change had occurred in these particles' features after the samples were exposed to 
laboratory and microscope environments. 

R ESU LTS 

The U-2 Aircraft underflew the Stratcom VIII-B Balloon locally on the afternoon of September 28 
and the VIII-A Balloon on the morning of September 29, both in the vicinity of Holloman Air Force 
Base, New Mexico. Precise GMT times and locations of the sample collections are given in Table 2. 

Table 2 
Location and Time of Aerosol Sample Collections 

Altitude p -- Location 
(latitude and longitude 

32"45'N 107"15'W 

32'50" 112" O'W 

33"30'N 106"20'W 

32'30" 105"30'W 

~ 
~ 

- _  - 
~ 

.- 

Time 
(GMT) 

0040 Sept. 2s 

0124 

1616 

1712 

-~ 

- _  . 

Figures 2 and 3 present the individual size distributions for the two flights. These distributions are 
corrected and smoothed as discussed above. Observe in Figure 2 that the distributions are quite 
similar except at the very smallest particle sizes. Some similarity between these collections is to be 
expected because they were collected at the same altitude and geographically close to each other. 
Note also the bimodal features of the distributions that suggest the aerosol is a mixture of two popu- 
lations: a young, growing one and a more mature, larger-particle one. In previous studies we have 
detected small particle growth in the tropics, but now, these results suggest growth is occurring in 
temporate regions as well. 

In Figure 3, similar bimodal features are seen, except that the bimodal peak occurs at a larger parti- 
cle size at 2 1 km than at 18 km. Also, for the pair of collections the concentrations were consider- 
ably less at the higher altitude in the smaller size range. These features suggest that aerosol growth 
is more vigorous at 18 km than above. However, when the 2 1 -km distribution is compared to the 
18-km distributions of 16 hours earlier (Figure 2), differences are mainly in the size range > 0.08 pm, 
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Figure 2. Particle size distributionsduring the U-2 underflight of the Stratcom VIII-B Balloon. 
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Figure 3. Particle size distributionsduring the U-2 underflight of the Stratcom VI1 I-A Balloon. 
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while the small particle component is not too dissimilar. In fact, the 18-km small particle compo- 
nent from the second flight is considerably larger than on the earlier flight, but fewer large particles 
are present. 

D I SC USS IO N 

Because of the striated nature of the aerosol clouds in the lower stratosphere, consecutive individual 
size distributions can be quite different. Therefore, it is difficult to  draw general conclusions about 
the aerosol based on a few distributions. We have found that trends can be observed only by aver- 
aging together a reasonable number of individual collections. This averaging process, however, can 
mask interesting features, such as the bimodality observed in the distributions presented here. This 
is because the bimodal peaks vary in location and tend to  average out when curves are combined. 

For the first time, we have extended our size analyses to  particles as small as 0.03 pm equivalent 
spherical radius. Heretofore, we had restricted our size analyses to  particles larger than 0.1 pm. By 
improving our methods and extending our observations to the small sizes presented in Figures 2 and 
3,  we can now begin to  observe what appears to be a particle growth component in the mid-latitude 
stratosphere. Many more observations are needed, however, in this small size range before major 
conclusions can be drawn. 
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CRYOGENIC GAS SAMPLERS 

Richard Lueb and Leroy Heidt 
National Center for Atmospheric Research 

Boulder , Co lo rad0 

Two sets of cryogenic sampling cylinders were included on the Stratcom VIII-A Balloon for the pur- 
pose of obtaining stratospheric air at altitudes of 25 to 40 km. These would be analyzed for their 
content of H2, H20,  CH4, CO, C02, N20, CFC12, and CF2C12. The system is described in Refer- 
ence 1, and techniques for the analysis of the collected samples are discussed in References 2 and 3. 
To avoid contamination, the inlet tube extended 3 m below the payload and samples were to be 
taken as the balloon descended at a rate of 30 to 8 m/sec. 

However, the helium valves on Balloon VIII-A could not be opened and the balloon did not descend 
at the desired rate. Samples were taken during the late afternoon and evening of September 29, 
1977, as the balloon cooled and descended very slowly to an altitude of 30 km. As expected, the 
air was markedly contaminated by gases associated with the payload, including remnants of the ex- 
haust fumes from the diesel-driven motor generators that provided power for illumination of the 
payload during its preparation for a launch at sunrise. 
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MEASUREMENTS FROM THE APEX OF THE 
STRATCOM VIII-A BALLOON 

Carlos McDonald 
Electrical Engineering Department 

University of Texas a t  El Paso 
El Paso, Texas 79968 

ABSTRACr 

The Top Package, mounted on the apex plate on the top of the Stratcom VIII-A 
Balloon (September 29, 1977, New Mexico), provided an estimate of thermal and 
water vapor perturbations due to the balloon, and served as an instrumentation 
platform for the albedo and Lyman-alpha experiments. Data were obtained for 
3 hours, which included the ascent and a short period at the float altitude of 
about 40 km. 

INTRODUCTION 

The Top Package, mounted on the apex plate located on the top of the Stratcom VIII-A Balloon, 
was flown from Holloman Air Force Base, New Mexico, on September 29, 1977. The package was 
designed to  provide information on the extent to which the presence of the balloon modifies the 
ambient air temperature and water vapor content, and on the flux of radiation from the skyward 
hemisphere. To accomplish this, sensors were included for air and skin temperatures, water vapor 
content, ultraviolet flux (1 2 1.6 nm), infrared flux (0.2 to 2.8 pm), and temperature of the package 
itself. The package was entirely self-contained, including batteries and telemetry transmitter. 

I NST R UM E NTAT IO N 

The Top Package included the following sensors: 

1. Two balloon skin temperature sensors, each consisting of a 0.25-mm bead thermistor at- 
tached to the surface of the balloon by means of Mylar film and tape which served both to 
hold the thermistors in place and to reinforce the area. The thermistors were mounted 
180" apart in azimuth, about 2.5 m from the apex. 

2. Air temperature sensor, consisting of film-mounted 0.25" bead thermistors, similar to 
the air temperature sensors on the main gondola. 
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3. 

4. 

5. 

6. 

7 .  

A water vapor sensor consisting of the Panametrics aluminum oxide capacitor operated 
in a constant temperature mode (Aquamax). 

A Lyman-alpha radiation sensor (1 2 1.6 nm) consisting of an ionization chamber with a 
MgF2 window and filled with nitric oxide. Its pass band was 114 to 134 nm. 

A sensor for the infrared flux from the skyward hemisphere. This was an Epply Precision 
Infrared Pyranometer (pyrgeometer), Model PIR, sensitive from 0.2 to 2.8 pm. 

A levelness sensor consisting of a horizontal cylinder, half full of a conductive fluid, with 
three probes that made contact with fluid. This had a full scale range of i8". 

Payload monitors, namely, battery voltage and a bead thermistor for container surface 
temperature. 

Mechanical Design 

The Top Package was designed to be mounted on the apex plate of the balloon as shown in Figure 
1. It met weight and mounting requirements as defined by the launch organization, the Air Force 
Cambridge Balloon Branch at Holloman Air Force Base. The external surface was a white painted 
aluminum can; care was taken to ensure that the entire Top Package was free from rough edges and 
corners. It had a total weight of 14.5 kg including the 15-cm stand. Although the payload was rel- 
atively tall, it had a very low center of gravity to ensure the apex plate remained stable. 

The package consisted of an aluminum battery box and a Plexiglas module holder insulated by a 
minimum of 7.5 cm of Styrofoam. The battery box contained four Silvercel Yardley CRlOO DC-1 
batteries which were maintained at a pressure of 1 atm. The module holder was designed to hold 
14,4-  by 5-inch printed circuit boards, a transmitter, the Panametrics water vapor electronics box, 
a heater, and 19 fuses. An assembly drawing is shown on Figure 2. 

The UV sensor and pyranometer were fixed into the top of the Styrofoam insulation. Mounts were 
provided below the package for a water vapor sensor and a temperature sensor. The transmitter an- 
tenna is mounted on the bottom of the apex valve plate, inside the balloon. The Top Package is 
turned on by means of an external switch shortly prior to inflation of the balloon. 

Electrical Design 

A block diagram of the electronics is given in Figure 3. Sensor outputs and calibration reference vol- 
tabes are converted via pulse frequency modulators and transmitted sequentially by the 1680 MHz 
transmitter to GMD receiving stations at the White Sands MTTR station and at Hatch, New Mexico, 
where the signals were recorded on magnetic tape along with IRIG-B timing. The sequence and 
timing of the various items is shown in Table 1. The electronics was designed primarily with CMOS 
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Figure 1. Top Package on the Apex plate. 
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Channel 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

Table 1 
Sampling Sequence of Sensors and References 

- -. 

Quantity Being Sampled 

Skin Temperature #1 and #2 

Air Temperature 

4.7- and 2-megohm references 

220- and 56-kilohm references 

Temperature Electronics 

Temperature of Bottom of Elec- 
tronics and Temperature of 
Batteries 

Temperature Inside Air and Tem- 
perature of Outside Container 

Battery Voltage 

Blank 
Inclination, Inclination Ref. 

Water Vapor, Water Vapor Ref. 

Pryranometer, Pyranometer Ref. 

Inclination, Inclination Ref. 

UV data 

High and Low Voltage Ref. 

UV Ref. 

Time Duration (sec) 
~ -_ 

6 6  
12 

6 ,6 

6,6 
12 

devices to  conserve power. The power supply uses a 5-V pack of Silvercel batteries adequate for 36 
hours continuous operation, with a dc-dc converter to  provide the * 12 V for the analog and digital 
electronics and the 135 V for the transmitter tube. To permit the nighttime operation, a thermistor- 
controlled heater, operating from the 5-V supply, maintains the electronics modules above -1 0°C. 
Details of the circuitry may be found in Reference 1. 

FLIGHT DATA 

Useful data were received during the period 0613 to 0943 MST, September 29, 1977, from shortly 
after launch through the initial float period, covering an altitude range of 3.6 km to over 40 km. 
After this time, the telemetry signal diminished rapidly. The reasons for this are not clear since no 
failure was evident upon test of the Top Package after recovery. 
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Data from the various sensors are as follows: 

Skin temperature - Data from the skin temperature sensors are given in Figure 4 as a function of 
time, along with data concerning the altitude of the balloon. Since the two sensors were always 
within 2°C of each other, the average is used. The skin temperature data may be compared with the 
air temperature at the same altitudes, as inferred from meteorological sondes launched in the same 
period. Although the balloon became sunlit shortly after launch (sunrise (upper limb) was at 0557 
MST), the skin temperature remained nearly equal to that of the ambient atmosphere. As the solar 
irradiation ‘increased (see the heat input as observed by the Epply pyranometer, Figure 5) and as the 
balloon ascended to higher altitudes, the balloon skin temperature rose to approximately 25°C 
above the surrounding atmosphere. 

Air temperature - This sensor broke during launch operations. 

Water vapor - The aluminum oxide film capacitor provided data throughout the period. Values 
were relatively low compared to  data from previous Stratcom flights, but still higher than ambient. 
See the discussion by P. Goodman (“Water Vapor Measurements with Aluminum Oxide Sensors”). 

Lyman-alpha sensor - Telemetered data indicate that the instrument was operating satisfactorily; 
however, the signal did not rise above the noise level, corresponding to  a flux of lo6 photons-cm-2- 
sec-1. Unfortunately, high noon data are not available. 

Infrared pyranometer - These data are shown in Figure 5 and discussed by R. Rubio et al. elsewhere 
in this document (“Measurement of Radiation Energy Transfer”). 

Levelness sensor - Data from the levelness sensor, along with the altitude of the balloon, are shown 
in Figure 6 as a function of time. Times of the three parachute drops are also indicated. As can be 
seen, the excursions are generally less than a degree. The reasons for the 4” tilt seen near 0800 are 
not immediately evident. 

REFERENCE 

1. McDonald, C., et al., Upper Atmospheric Research Project V, Final Report, Report No. FR1- 
78-UA-57, Contract DAAD07-74-0263, The University of Texas at El Paso, June 1978, 109 
pages. 
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MAIN PAYLOAD MONITORS FOR STRATCOM VIII-A 

Preston B.  Herrington 
San dia Lab o ra tories 

Albuquerque, New Mexico 87185 

ABSTRACT 

The Stratcom VIII-A Balloon was flown September 29-30, 1977, from Holloman 
Air Force Base, New Mexico. A portion of the telemetered information was dedi- 
cated to  the monitoring of various aspects of the main payload. It was found that 
temperatures at various locations on the payload ranged from more than +40°C 
to less than -5O"C, depending on surface finishes and insulation. The power sys- 
tem functioned as planned. Command receiver monitors showed intermittent and 
unusual behavior, finally resulting in a loss of command capability. Orientation 
monitors showed that the payload tilted less than 1" from horizontal and that its 
rate of rotation about the vertical axis increased to  a maximum of nearly one per 
minute about an hour after launch, then decreased and was variable in direction 
and rate throughout the remainder of the flight. 

I NTROD UCT I ON 

A number of parameters were observed primarily for assessing the status of the Stratcom VIII-A 
main payload. These included bead thermistors for the temperature at selected points, voltage and 
current monitors in the power system, signal strength monitors, and, for altitude, a two-axis magne- 
tometer and a two-axis pendulum. 

TEMPERATURES 

To monitor system status, bead thermistors with a range of -50 to +50"C were located as listed in 
Table 1.  

Sensors 1 and 2 were located inside the main electronics housing (TM can), a cylindrical container 
pressurized at 1 atm (1 5 psia). The top and sides of the T M  can were aluminum and were painted 
on the outside surfaces with EPO-LUX No. 100 white epoxy paint. Approxiamtely 3.8 cm of styro- 
foam insulation was used around the inside of the top and sides of the can. The bottom of the TM 
can was alodyne (conductive chromate) aluminum and internally was about half-covered with 2.5- 
cm-thick Styrofoam. The extensive insulation kept the temperature excursion to  less than 20°C. 
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Sensor 

1 
2 

3 

4 

5 

Table 1 
Temperature Sensors on Main Payload 

Location 

TM can near top 

TM can near base 

Frame, near the TM can 

Battery 1 container 

W spectrometer electronics 

, -1 Observed range ("C) 
_ _  

+10 to +37.5 

less than -50 to  +35 (figure 1) 
+15 to +40 

less than -50 to +40 (figure 2) 
-. ~ 

Sensor 3 was located on the aluminum frame near the base of the TM can. The frame was bare alu- 
minum with no special surface treatment. Its temperature initially followed the air temperatures 
(which went down to about -75°C at the tropopause) and at higher altitudes was more dependent 
on the presence or absence of sunlight. Its excursions as a function of time are shown in Figure 1. 

Sensor 4 was mounted inside the Battery 1 container, which was mounted on the gondola adjacent 
to  the TM can. This container housed 18 Yardney LR-100 cells which were insulated from the walls 
of the container by 6.4 cm of Styrofoam. All surfaces of the container were alodyne aluminum. 
The container was heated (with heating tapes wrapped around the exterior) prior to  launch to a 
sensor reading of 28°C. Very little power (700 mW peak) was dissipated inside the battery contain- 
er during the flight. 

Sensor 5 was located on the electronics package of the UV grating spectrometer located at the top 
of the gondola. The spectrometer and its electronics were housed in a pressurized aluminum can 
with an alodyne exterior surface and white-painted top plate. No Styrofoam was included. Its tem- 
perature excursions are shown in Figure 2. The instrument was turned off after sunset, and its tem- 
peratures probably dropped to somewhat below the -50°C range of the temperature sensor. 

POWER SUPPLY 

Primary power for the experiments was supplied by three battery packages. Battery 1 was made up 
of 18 Yardney LR-100 silver-zinc cells, and Batteries 2 and 3 were made up of 18 Yardney LR-20 
silver zinc cells. Each LR-100 cell has an average voltage of 1.5 V and a capacity of 100 A-hr. Each 
LR-20 cell has an average voltage of 1.5 V and a capacity of 20 A-hr. 

ATTITUDE MEASUREMENTS 

Attitude information is needed for the interpretation of the data from the various ultraviolet-sensing 
instruments and the two down-looking pyranometers. Spin information is needed for use with the 
anemometer data. 
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Figure 1. Temperature of the frame of the main instrument package on Stratcom VI I I-A. 

Figure 2. Temperature of the electronics package of the UV spectrometer on Stratcom VIII-A. 
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Pendulum 

A two-axis potentiometric pendulum was used to determine the levelness of the instrument frame. 
Offsets at significant times during the flight are listed in Table 2. 

Event 

Table 2 
Tilt of Main Payload 

. -  - _  
X-axis Offset, 

Degrees 

Launch 061 5 MST, Sept. 29 

Drop no. 1 (081 5 MST) 

Drop no. 2 (0832 MST) 

Drop no. 3 (0945 MST) 

1910 to 2200 MST 

0600 MST, Sept. 30 

Magnetometers 

0.23 

0.5 5 
0.37 

0.24 

Varied linearly to  0.6( 

0.60 

- - L ~ ~  ~ 

Y-axis Offset, 
Degrees 

~- 
~ 

0.15 

0.60 

0.90 

0.6 (momentary) 

No change 

0.90 

Two Heliflux RAM-5C magnetometers were mounted orthogonally to determine the orientation of 
the payload relative to magnetic north, in a manner similar to that used for the earlier (Stratcom V, 
VI, and VII) flights. 

The details of the orientation throughout the flight are shown in Figure 3a and b. Initially, the rates 
were rather high as the suspension of the gondola twisted and untwisted, and slowed gradually. By 
the early morning of September 30, four hours were required for a single rotation. These same data 
in terms of rate and magnitude are shown in Figure 4. 

The system 28-V monitor shows that the voltage varied from 32 V at launch to 24 V at 0636 on 
September 30. The power system failed shortly after 0636 because of inability to switch to the 
second battery pack by remote command. 

SIGNAL STRENGTH 

The command system in the main gondola received and processed signals as planned on the morning 
of the flight. In the early afternoon it was found that the separate command system for balloon con- 
trol (helium valves and ballast release) was of no effect. Later investigation showed that this was due 
to a short circuit in the explosive squib for activation of the reel-down system, draining the battery 
for activating the valves and ballast release. The main gondola command system continued to 
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function generally as expected until the early morning of September 30. At this time the balloon 
was beyond the San Andreas Mountain Range and was about 100 km from the transmitter. The 
command receiver signal strength monitor and two other monitors showed intermittent and unusual 
results, and commands were no longer of any effect. Postflight analysis indicates that the reposi- 
tioning of the antennas to avoid collision with Dropsonde No. 1 may have been responsible for the 
reduced range. 
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ANEMOMETER MEASUREMENT OF AIR FLOW 

Carlos McDonald 
Electrical Engineering Department 

University of Texas at El Paso 
El Paso, Texas 79968 

ABSTRACT 

A three-axis anemometer was included on the Stratcom VIII-A Balloon to  measure 
air flow relative to  the instrument platform. Data were obtained for the horizontal 
and the upward vertical wind components during the flight of this payload Sep- 
tember 29, 1977. 

INTRODUCTION 

Three identical instruments were arranged as a 3-axis anemometer for monitoring the air flow (see 
Figure 1). Air flow measurements were desired to provide information about the balloon’s deviation 
from a Lagrangian (motionless with respect to air mass) state of the balloon and on boundary layer 
phenomena. The instruments were flown on Stratcom VIII-A Balloon from Holloman Air Force 
Base on September 29, 1977. 

I NST R UM E NTS 

Each anemometer uses matched pairs of bead thermistors (0.25 mm diameter) exposed to  the wind 
flow and operated in a constant temperature mode. These matched pairs, operating at different 
temperatures, are used to eliminate the dependence on ambient temperature and pressure (see Figure 
2). h r  density dependence is accounted for by use of an enclosed reference pair of thermistors. 
Calibration is based on the measurement of the difference in the power of the matched thermistors 
as a function of wind velocity, atmospheric pressure, and temperature. The anemometers were 
mounted parallel to the x, y, and z axes of the gondola. 

RESULTS 

Useful data were obtained from the anemometers which measured in one horizontal (x) and the ver- 
tical (2) directions. Due to  a circuit malfunction, data were not obtained from the other horizontal 
(y) nor from a second pair of thermistors mounted in the vertical anemometer. Neither were data 
obtained from the high-sensitivity channels. Data on relative speed of the air flow, corrected for 
both temperature and density effects, are plotted as a function of time in Figure 3. Ten-second 
averaging of data was used, and only the ascent and initial float data are shown. Reduction and 
analysis of the remaining data is in process. 
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Figure 1. Three-axis anemometer 
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